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“TRANSLATION OF SU’'RYA-SIDDHANTA., 


CHAPTER I. 


Called Mapuya-catt which treats of the Rules for finding the 
meun places of the planets, 


1, Salutation to that Supreme Be- 
ing which is of inconceivable and 
imperceptible form, void of properties (ofall created things), the 
external source of wisdom and happiness, and the supporter i 
of fhe whole world in the shapes (of Bragmé, Visunu and Siva.) ’ 

2&3. Some time before the end 
of the Krria yuca, a great Demon 
named Maya, being desirous of obtaining the sound, secret, ~ 
excellent, sacred and complete knowledge of Astronomy, which - 
is the best of the six sciences subordinate to the Vzna, practiscd 
the most difficult penance, the worship of the Sun. 

A. The self-delightful Sun, boing gratified at such (difficult) 
penance of Maya, bestowed on him the knowledge of the 
science of Astronomy which he was inquiring after. 

The illustriéus Sun said. 

5. (O Maya,) I am informed of your intention (of attaining 
the knowledge of the science of Astronomy) and pleased with 
your penance, I, therefore will grant you the great Poem eae 
of Astronomy which treats of time. 

6. (But since) nobody can bear my light and Ihave no time 
to teach you (the science,) this man who: partakes of my natue” 
will impart to you the whole of the science, 

B 


Invocation. 


Introductory. 


a 


Translation of the 


7. * The God ban, having thus spoken, to, and ordered the « 
man born from himself (to teach Maya), disappeared.cThat man 
spoke te Maya, who stood bonding and folding his hands closo 
to a forehead, in the following manner. 

(0: Maya) , hear attentively the excellent knowledge: (of 
i scidnce of Astronomy) which the Sun himself formerly taught 
to the great saints in each of the Yuaas. 

9. Iteach you the same anciont scionce, which the Sun S 
hifnself formerly taught. (But) the difference (between the 
present and the ancient works) is caused only by time, on 
account of the revolution of the Yuaas. 

10. Time is of two kinds ; the first 
(is continuous and endless which) de- 
stroys all animate and inanimate things (which is also the cause ' 
of creation and preservation), the second is that which can be 
known, This (latter kind of time) is also of two kinds; the 
one is called Múrra (measurable) and the other is Anari 
(immeasurable, by reason of bulkiness and smallness respec- 
tively), 


Pala a Ghatiká. 


Kinds of time. 


‘]1. The-time callod Múórrta, begins 
with Paina (a portion of time which 
contains four seconds,) and the time called Améera begins with 
Taupi (a very small portion of time which is the yg}ygth part 
of g second.) The time which contains six Peáyas is called 
& Pata, and that which contains sixty Paras is called a 
GATA, 
12. Tho time, which contain’ sixty 
ere Guayixis is called a Nixsuarnd Ano- 
PÁTRA (a sidereal day and night) and a Nixsparga Misa (a 
sidereal month) consists of thirty NÁKSHATRA AtorArnas. 
Thirty Sfvawa (terrestrial) days (a terrestrial day being 
reckoned from sun-rise to sun-rise) make a Sivan month. 

18. Thirty lunar days make a lunar 
i pufta rand ole month month, and a solar month is the time 
which the Sun requires to move from 

e 
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one sign* of the Zodiac to the next. A solar \year consists: of 


twelve solar midnths ; and this is called a day of the Gods, ' 
14, An Anontrpa (day and night) 


` The length of the year of Of the Gods aud that of the Demons 


the Guds and Demons. À 
are mutually the reverse of each other, 


J 
(viz. a day of the Gods is the night of the Demons ;` and con- 
versly, a night of the Gods is the day of the Demons). Sixty 
Anorétras, multiplied by six, make a year of the Gods and 


“omone. ; 


15 & 16. The time containing twelve 
By length of a great thousand years of the Gods is called a 
Cuaturruaa (the aggregate of the four 


' YUGAS, Keyra, Teek, Dwipara and Kati), 


These four yrucas including their Sanpuy{t+ and Sax. 
DHYANS'A contath 4,320,000 solar years, 

The numbers of years included in these fou” small yucas are 
proportional to the numbers of the legs of Dmarwaț (virtue 
personified). 

17. The tenth part of 4,320,000 
a nett of the four the number of years in a great YUGA, 


2) 


multiplied by, 4, 3, 2, 1 respectively ` 


make up the years of each of the four yuaas, Keyra and others, 
the years of each yuaa include their own sixth part, which is 
collectively the number of years of Sanpayd and Sanpayine’a, 
(the periods at the commencement and expiration of each Yu@iy: 


The length of a period 18, (According to the technicality of 
called Maxu and that of its the time called Méeta,) 71 great ruass 


a (containing , 806,720,000 solar years) 
constitute a Manwawtara (a period from the beginning of'a 


* It isto be observed here that the signs Aries, Taurus, &o., are reckoned 
from = a Buvart (¢ Piscium,) and a solar year corresponds to a tidereal 
year. » ae 

t These two words will be exBlained in the sequel, B, D, 


+ It is stated that Dharma stands with four legs in the Keyra, with th 
legs in the Tauri, with two legs in the DwAPaka and with one log in "the Kart 
Therefore the number of the years of the Kapta, TrerA, DWÁPAn4, and Karr 
are proportional to 4, 8, 2 aud 1 respectively. B. D. 


a B 2 


4. Translation ofthe « l 


` Many to its end) and at the end of it, 1,728,000 the whole 
nutnber of the (solar) years of the Kayra, i is called itg Sanna ; 
andit ig the time when a universal deluge happens. 
19. Fourteen such Manus with 
their Sannas (as mentioned before), 
coustifyté a Karra, at the beginning of which is the fifteenth 
Sanpa which contains as many years as a Kefra does, 
20. Thus a thousand of the great 
night agsbe: of oe rugas make a Karra, a period whici" 
destroys the whole world. It is a day 
of the God Bramm, and his night is equal to his day. 
= 21. And the age of Brand con- 
Fire gone ping and sista of a hundred years—according 
to the enumeration of day and night 
(mentioned in the preceding s'Loxa). Ono half of his age has 
elapsed, and this‘present Karra is the first in the remaining 
half of his age. 

t 22. Outof this present Karra six Manus with their Sanputs, 
and twenty-seven yucas of the seventh Manu called Vaivas- 
WATA have passed away. 

e 28. Of the twenty-eighth great yuaa, the Kryra Yuaa has 
passed away. Let (a calculator,) reckoning the time from the 
end of the Kera compute the number of years passed. 

24, 47,400 years of the Gods have elapsed in the creation 
ofthe God Branná, of animate and inanimate things, of the 
planets, stars, Cods, Demons, é&c. 

25. Now the planets (such as the 

oer pa more Sun) being on their orbits, go very 

rapidly and continually with the stars 

towards the west and hang down (from their places towards 

east) at an equal distance, (i. e. they describe equal spaces 

daily towards the east,)* as if overpowered by the stars (by 

reason of their very rapid motion caused by the air called 
PRavAzA.) 


* The Hindu Astronomers peappiee all the planets more in their orbits 
with the same velocity. B. D 


The length of a Kat, 
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26. Therefore, the motions of the planets appear towards 
the east, agd their daily motigns determined by thcir’revolutions 
(by applying the rule of proportion to them) are unequal’ 
to each other, in consequence of the circumferences of their 
orbits ; and by this unequal motion, they pass the signs (of the 
Zodiac.) a R 
27. The planet which moves rapid- 

requires a short time, to pass the 
° signs (of the Zodiac,) and the plarft 
that moves slowly, passes the signs (of the Zodiac) in a long 
time. Buagaya means that revolution through the signs (of 
the Zodiac which a planet makes‘by passing round) up to the 
end of the true place of the star called Revdtr (¢ Piscium, from 
‘which end they set out.) 


Bhagaņa ora eidereal re- ] 
, Yolution. J» 


28. Sixty Viraus (seconds) make 
a Kalá (a minute) and sixty minutes 
constitute an Ans‘’s (a degree.) A'Rásí (a sign) consists of 
thirty degrees and just twelvo Rfs'ts (signs) make a Bhagana 
(revolution.) 


The circular measures, ` 


29. In a great yuaa each of tho 
ae ion, Mesure Vere planets, the Sun, Mercury, Venus and 
and the S'ighrochcha of the S/fanrocucga (i. e. the farthest 
ha p er se tal point from the centre of the Earth in 

the orbit of each of the planets) of 

Mars, Saturn and Jupiter moving towards the east make 
4,320,000 revolutions (about the Earth). 

80. There are 57,758,886 revolu- ` 

tions of the Moon and 2,296,882 revé- 


lutions of the planet Mars, 


Of Moon and Mars. 


31. There are 17,987,060 revolu- 
wine S Ao tions of the S’femrocucua of the planet 
i Mercury* and 364,220 revolutions of 
the planet Jupiter. 


æ The revolutions of the Sighrochohas of Mercury and Venus correspond to 
their revolutions about the a B. D. i 


» 


" the planet Saturn. 


. that of the additive months 


6 Translation of the ° 


., 32. There arg 7,022, 376 revolu- 
Of Yonus's S 


and of Saturn. “ighrocheha tions of the 8’ fonrocucna of-the planet 


Venus* and 146,568 revolutions of 


33. In a great ruaa, there .are 
ot och’s Apogee and 488,203 revolutions of the Moon’s 
Manvocucaa (apogee,) and the number 
of the retrograde revolutions of the Moon’s ascending node _ 
is'232,238, c 
84. There are 1,582,237,828 sidere- 
Number of sidereal revo- 
lutions and the mode of 8lrovolutions in a great yuca (a sidereal 
arrore r revolution is tho time from one rising 
ofa star to the next at the equator and 
itis a sidereal day as mentioned ip the twelfth S’toxa.) These 
sidereal revolutions diminished by each planet’s own revolutions 
(before mentioned) are its own risings in a great YUGA. 

30. The number of Lunar months 
ere eg equal to the difference between the 
revolutions of the Moon and those of 
the Sun; and the remainder of the 


in a YUGA, 


~ Lunar Months lessened by the Solar months is the number of 


Apuufsas (additive months.) 
36. Ifthe Savana (terrestrial) days 
Ra barra gy in? be subtracted from the Lunar days, 
Ga and the definition of the remainder constitute the days 
" a terrestrial day. 
called the Trrm-xsHaYa (subtractive 


days.) There the Sxvawa days are those in which a Sivana 


dày or terrestrialt day ds eqfal to the time from sun-rise to 


_ Sun-rise (at the equator). 


37. Thereare 1,577,917,828 terres- 
danar Of terrestrisland luna" trin) days and 1,608,000,080 lunar days 
in & great.VUGA. 


* The revolutions of the Sighrochchas of Mercury and Venus correspond to 
their revolutions about the Sun. B. D. 


t A terrestrial day is that which the English call a solar day. B, D, 
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88, (In a great Yoda) thero are 

. additi t d ays 

Hottie meno od 1,598,886 additive months pad, 
95,082,252 subtractive days. | 


PEE EE A te 39, There are *51,840,000 Solar 
yuqA and the way to know mouths in a great YUGA, and “the ter- 
the No, of terrestrial dys. vogtrial days aro tho sidoreal days 
diminished by the Sun’s revolutions. 


40. The revolutions of tho planets, the additive months, 
the subtractive days, the sidereal days, the lunar days and the 
terrestrial days (mentioned above) separately multiplied by 
1000 mako the revolutions, the additive months &c., in a KALPA, 
(because a Kara consists of 1000 great YUGAS.) 


à 41 & 42. In a Karra, there are 

et of Perolutions ofthe 387 revolutions of the Sun’s Apogee 

(about the Earth),204 of Mars’ apogee, 

368 of Mercury’s apogee, 900 of Jupitor’s apogee, 535 of 
Venus’ apogee and 89 of Saturn’s apogee. 

Now we proceed to mention the retrogrado revolutions of 
the Nodes (of the planets Mars, &c.) 

43 & 44, Thero aro 214, 488, 174, 903, 662 revolutions of 
the Nodes of tho planets Mars, Morcury, Jupiter, Venus and 
Saturn respectively. We have already mentioned the revolu- 
tions of the apogee and node of the Moon. 


wana, 
45, 46 & 47. Collect together the 
B pty ia tho solar Years of the six Manos, with their six 
Yon the planetar Poia Sanpas, and tho Sanpai which lies in 
the last Krita YUGA. the beginning of the Karra, those of 
| twenty-seven great yuaas of the pre- 
‘gent Manu named Varvaswata and those of the Krita yuda; 
and subtract from the sum, the said number of years of the 
Gods, reduced to solar years, required (by the God Brahmá) in 
_ the creation of the universe, (before the commencement ‘of 
the planetary montions,) and the remainder 1,958,720,000 is 

- the number of solar years before tho end of the Keyra ruaa, 


gs o Translation of the 


“to fea the ho wise 48. To 1,958,720,000 the number 
A ha Bite A e aS of elapsed years, add the ùumber of 
. motions commenced to the years elapsed (from the end of the last 
present miq-night, ©  Kpfra yuca to the present year;) reduce 
the sum.to months (by multiplying it by 12 ;) to the resultaàdd 
the number of lunar months from the begitning of the light half 
of the Cuarrra* (of the current year to the present lunar month.) 
49. Write down the result separately; multiply it by the . 
number of additive months (in a yuaa) and divide the product by 
the number of solar months (in a yuga) ; the quotient, (without 
the remainder,) will be the elapsed additive months. Add the 
quotient (without the remainder) to the said result, reduce the 
sum to days (by multiplying it by thirty) and increase it by the 
number of (lunar) days (passed of the present, lunar month), ” 
50 and 51. Write down the amount in two places; (in one 
place,) multiply it by the number of subtractive days (ina YuGA) ; 
divide the product by the number of lunar days (in a yuaa) ‘and 
the quotient (without the remainder) will be the number of 
clapsed subtractive days. Take the number of these days from 
the amount (which is written in the other place) and the 
remainder will be the riumber of elapsed terrestrial days (from 
the time, when tho planetary motions commenced) to the pre- 
sent midnight at Lanxd.t 


wo 

® That lunar month which ends, when the Sun is in Mxzsua (stellar Aries) 
the first sign of the Zodiac, is called Cuarrpa, and that which terminates when 
, the Sun is in Vatsaapua (Taurus) the second sign of the Zodiac, is called 
als'4xHa and go dn, Thus the lunar months corresponding tq tho twelve signs 
ha (Aries,) -VRISHABHA (Taprae ITHUN (Gur) a (Cancer,) 
vBnma (Leo) “Kani (Virgo) (Libra,) “Vais’ourxa (Scorpio,Y Duawo 
(Sagitarius) ae (Capyisornus,) KumBHA (Aquarius and Yisa (Piaces,) 
are Ongyrea, VAI'ÁKHA, JYRSHTEHA, sy ápHa, ‘S’uivaya, BHÁDRAPADA, 

 As'wia, KAutrxa, MAaoas'irsna, Pawsa, Maua and PuÁraUNA. 

If two lunar months terminate when the Sun is only in one sign of the Zodiac, 
the second of these is called ApHiMAsa (an additive or intercalary month.) 
The 30th part of a lunar month is called Tithi (a lunar day.) B. D, 

+ The proof of the process for finding thf Anargaxwa stated.in the S’roxas 
from 48th to 5ist will be clearly understood from the following statement, 

In order to find the Anarcawa, let the number of the Solar years elapsed be 

: multiplied by 12; and the produot is the number of elapsed solar months to the 
last mean Mrsna Saxxinrt (i. e. the time when the mean Sun enters the first 
stellar sign of the Zodiac called stellar Aries ;) to this let the numbor of 
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From the numbey of these elapsed days, the Rulers. of. the 
present dag ‘month and year pan be known (by reckoning he 


order of them) from the Sun, ‘ 
Divide the number of elapsed ter. 
ieee Ruler of the yestrial days by 7, and reckoning the 
; « remainder from the sun-day, the Ruler 


of the present day will ee A 
i 52, Divide the number of elapsed 
eal rA Ai amd terrestrial days by the number of dafs 
eal in a month and by that in a year (i, e. 
by 30 and 360) multiply the quotients (rejecting the remainders) 
_by 2 and 8 respectively, and increase the products by 1. 
Divide the results by 7, and reckoning (the order of the Rulers) 
‘from the Sun, the remainders will give the Rulers of the 
present (terrestrial) month and year respectively. 


lunar months Crarrra, &c., considering them as solar, be addod: the sum is the 
elapsed solar months up to the time when the San enters the stellar sign of the 
Zones corresponding to the present lunar month. ‘To make these solar mouths 
Herat let the elapsed additive months be determined by proportion in the 
g manner, 
As the number of solar months in a yuea 
: the number of additive months in that period 
: : the number of solar months just found 
: the number of additive mont 
. Tf these additive months with their remainder be added to the solar months 
elspsed, the sum will be the number of lunar months to the end of the solar 
month ; but we require it to the end of the lest lunar month, And as the 
remainder of the additive months lies between the end of the lunar month and: 
that of its corresponding solar month, let the whole number of additizg , 
months, without the remainder, be added to the solar months elapsed ; and the’ 
sum y the number of the lunar months elapsed to the end of the last lunar 
mont 


the « 
humber of the passed lunar days of the t Innar month, is the Sumber of 
lunar days for + To make these lunay trial, the elapsed subtras. 

8 a m 


i + the number of subtractive days in that period A = 


daya, the difference will be the number of terrestzial days elapsed to the end of 


the last, lunar day; but it is required to the present midnight. As the 
remainder of the devreatrial = lies between she end of iho lunar day andthe . 
mid-nigit, the whole number of the subtesétive (without the remainder) 


‘should be subtracted from the lunar da and the digarence is, of 
course, the number of térresteia], de vA Conant ‘thie. Alma, < 
actiona aman o Che ried mid na @ Laas. Dee PeT 


0 -° Translation of the “ 


To find the ‘en ‘places of 53. Multiply. the number of 

| array = A given mid- elapsed terrestrial days by the number 

' ' of a planet’s revolutions (in a KALPA) ; 

divide the product by.the number of terrestrial days (in a 

Karra) ; and the quotient will be the elapsed revolutions, signs, 

degrebs &o. of the planet. Thus thé mean place of each of the 
planets can be found. 

To find the placcs of the 54, In the same way, the mean 
Biighrochches, apogees and places of the Sfonrocucua und May- 
nodes of the planets, ; 

DOCHCHA (apogec) whose direct revo- 
lutions (in a Kaira) are mentioned before, and those of the nodes 
of the planets can be found. But the places of the nodes, 
thus found, must be subtracted from twelve signs, because 
their motions are contrary to the, order of the signs. 

55. Multiply the number of elapsed 

ay the prefint Sa- revolutions of Jupiter by 12; to the 

product add the number of the signs 

from the stellar Aries to that occupied by Jupiter; divide the 

amount by 60, and reckoning the remainder from Visaya,* you 
will find the present SAMVATSARA. 

An easy method for find.’  ©6- These processes are mentioned 
ing the mean places of the (from 45th S’Loxa to 54th) indetail, but, 
plauets. ; 

for convenience’ sake, let (an astrono- 
mer) computing the elapsed terrestrial days from the beginning 
of the Terri yuca, find easily the mean places of the planets. 

57, At the end of this Kefra yuaa the mean, places of all 

` the planets, except their nodes and apogees, coincide with 
éach other in the first peint of*stellar Aries. | 

58. (At the same instant) the place of the Moon’s apogee= 
nine signs, her ascending node=six signs, and the places of the 
other slow moving spogees and nodes, whose revolutions are 
mentioned before, are not withomt degrees (i, e. they contain 
some signs and also degrees). 


© Astro! reckon 60 Sauvarsanas, VIJAYA &o., which answer sarge tr 
_ to the periods required by mean Jupiter to move from one sign to the next. B. D. 
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The lengths of thé artis 69. The diameter vf. the Earth is 
diameter enceite ciroumfer- 1600, Yoyanas. Multiply the square, 
Te of tho diameter by 10, the square-root * 
of the product will be the circumference of the Earth. | 

° , 60. The Earth’s circumference mal- 
care Parla AR tiplied by the sine of co-latitutle (of 
Das'Aurana* correction in the given place) and divided by the 

radius is the Sruoga or rectified cir- 
cumfcrertve (i. e. the parallel of latitude) at that place. À 

Multiply the daily motion (in minutes) by the distance of the 
given place from the Middle Line of the Earth, and divide the 
product by the rectified circumference of the Earth. 

61, Subtract the quotient in minutes from the place of the 
planet (which is found at the mid-night of Lawxé, as mentioned 
in §’1oxa 58,) if the given place be east of the Middle Line, but 
if it be west, add the quotient to it, and (you will get) the 
planet’s place at (the mid-night of) the given place, 

62, (The cities named) Roufraxa, . 
Ussayinf, Kuruxsnetra &c. are at the 

line between Lanką and the north polo of the Earth, (this line 
is called the Middle Lino of the Harth.). 

63, 64 and 65. At the given place 
longitude of aot if the Moon’s total darkness (in her 

eclipse) begins or ends after the instant 

when it begins or onds at the Middle Line of the Earth, thon 
the given place is east of the Middle Line, (but if it begins or 
ends) before the instant (when it begins or ends at the Middle’ 
Line, then) the given place is west ofthe Middle Line. 

Find the difference in Guatixds between the times (of the 
' beginnings or ends of the Moon’s total darkness at the given 

, Place and the mid-night, which difference is called the Drs‘4y- 
' TARA GHAȚIKÁS.) 5 


Middle Line of the Earth. 


* Dev {xrara is the correction necessary to be applied to the place of a 
Diol in conseguènoe of the longitude of. a place, r akoned ee o Middle « 
ine of the Earth or the Meridian of Layxf. $, D, 


mo. Translation of the ° ; 


Maltiply the: rectified circumference of the Earth by this 
difference and divide the product by 60. The quotient will be 
the east or west distance (in Yosanas) of the given place from 
the Middle Line. « 

Apply, the minutes, found by this distance, to the places of 
the pldnets (as directed before in S’toxas-60 and 61), 

66. A day of the week begins at 

x Pa mp Gee tho Des'£yraga Grapicás after or be- 

i fore the mid-night at the given place 
according as it is east or west of the Middle Line. 

67. (If you want to know the place 
of a planet at a given time after or 
before a given mid-night,) multiply the 

daily motion of the planet by the given time in GHAȚIKÁS, 
divide the product by 60, and add or subtract the quotient, in 
minutes, to or from the place of the planet found at the given 
(mid-night,) and you have the place of the planet at the given 
time after or before the given mid-night. The place of the 
planet, thus found, is called its TÁTKÁLIKA or eee 
place, 

68. The Moon’s deflection to the north and south from the 
end of the declination of her corresponding point at the Ecliptic 
is caused by her node. , The measure of her greatest deflection 
is equal to the y'th part of the minutes in a circle. 

“69. The measures of the greatest deflections of J upiter and 
Mars caused by their nodes are respectively § and § of that 
‘of the Moon, and that of Mercury, Venus and Saturn is § of 
tle Moon’s greatest deflaction.« 

70. Thus the mean greatest latitudes of the Moon, Mars, 
Mercury, Jupiter, Venus and Saturn are declared to be 270, 
90, 120, 60, 120 and 120 minutes respectively. 


To find the mean place 
of a planet at a given time. 


nd of the Jst chapter of Séara-swpudwna called Manny. 
« er (which treats of the Rules for finding the mean — ofthe 
ag ) 
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CHAPTER II. 


Called Senvqa-cagt which treats of the Rules for fiidiay 
the true places of the planeta, 


Cause of the planetary mo- l. The Deities, invisible (to hu- 
tions, ° man sight), named S'fanrocucwa, 
Manvocucwa (Apogecs) and Pata (Nodes,) consisting of 
(continuous and endless) time, being situated at the ecliptic, 
produce the motions of the planets. 

2, Tho Deities, (S'‘fonocncHa and Manpocacaa) attract the 
planets (from their ‘uniform course) fastened by the reins of 
winds borne by the Deities towards themselves to the east or 
the west, with their right or left hands according as they are to 
their right or left.* 

8. (Besides this) a (great) wind called Pravana carries the ' 
planets (wostward) which are also attracted towards their 
apogees. Thus the planets being attracted (at once) to the | 
east and west get the various motions, ` 

4. The Deity called Ucnona (apogee) draws the planet to 
tho cast or west (from its uniform progress) according as the 
Doity is cast or west of the planet at a distance less than -#ix 
signs. 

5, As many degrees &c., as the planets, being attracted by, 
their apogees, move to the east or the west, so many are called 
_ additive or subtractive (to or from their mean places). 

6. Inthe same way, the Deity node named Riau by its 
power deflects the planet, such as the Moon, to the north or to 
the south from (the end of) the declination (of its corresponding 

_® The place of a planet rectifled by the 1st or 2nd equation is nearor to its 
higher apsis (Manpocucua or §’1¢HROCHCHA) in its orbit,:than the planet's 
unroctified place. The cause of this is that the Deities have hands furnished with , 


reins of winds and by them they attract the planet towards themselves, 
This will expluin the meaning of the 2nd S'roxa. B.D 
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point ‘at the ecliptic). This deflection „is called VixsHera 
(celestial ldtitude). ° n 

F The Deity node draws the planet to the north or to the 
south (from the ecliptic) according as the node is wost or oast 
of the planet at a distance loss than six signs. 

(But in respect of Mercury and Venus) when their 

Páras (or nodes) aro in the same direction at the same distance 
(as mentioned in the preceding Stoxa) fromtheir S‘fauzocacnas, 
tlfey deflect in the same manner (as mentioned before) by the 
attractions of their S'ÍGHROCHCHAS. l 

9. The attraction of the Sun (by its apogee) is very small 
by reason of the bulkiness of its body, but that of the Moon is 
greater than that of the Sun, on account of the smallness of 
the Moon’s body. 

10. As the bodies of the (five) minor planets, Mars, &c. are 
very small, they are attracted by the Deities S ‘faurocncHa and 
Manpocucua very violently. 

11. And for this reason, the additive or subtractive equation 
of the minor planets caused by their movement (which is pro- 
duced by the attraction by their Ucucuas) is very great. Thus, 
the minor planets, being attracted by their S/faurocucHa and 
Manpocucma and carried by the wind Pravana, move in the 
heavens. 

12, (And therefore) the motion of 
the planets is of eight kinds, 1. e. 
wI. VaxrX (decreasing retrograde motion). 
‘VII. Ativaxed (increasing retrograde motion). 
MITT. Virag (stationapy). * 
IV. Manpé (increasing direct motion less than the mean 


Kinds of motion. 


motion). 
V.  Mawpatari (decreasing direct motion less than the 
mean motion). e 


VI. Sax (mean motion). 
: VII. S‘fowrararx or Atis‘fonex {increasing direct motion 
greater than the mean motion). 
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v yI I. S Tonna (decreasing direct motion greater than the 


mean ingtion). . 

13. Of theso kinds, the ‘five motions Aris faves, S‘foneg, 
MANDA, MANDATARX and Sam are direct gud the two motions’ 
VAKRA and ÅTIVAKRA are retrograde. 

l4. (Now) I explain carefully the Rules for findingsthe true 
places (of the planets) in such a manner that the places found 
by the Rules coincide with those, determined by observation, 
of the planets which move constantly with various motions.e 

The Rule for finding the 15. The eighth part of the number 
pant ar of the au in © of minutes contained in a sign (i. e. 
radiu=8498, 1800) is the first sine. Divide the 
first sine by itself, subtract the quotient from that sine, and add 
the remainder to that sine: the sum will be the second sine. 

16. In the same manner, divide successively the sines 
(found) by the first sine ; subtract (the sum of)*the quotients from 
the divisor and add the remainder to the sine last found and 
the sum will be the next sine.* Thus you will get twenty- . 

* This method is proved thus. 
Let sin. A—sin. O=d,; 


sin. 2 A—sin. A = d}; 
sin, 3 A—sin, 2 A = das 
&o. zx 
sin. a À —sin, (8—1) A = dai 
ain (nel) A—ein. n À = dy +1. 
Then muco d,—da = 2 vers À. sin AR; 
da—d, == 2 vers Å. sin 2A R; 
a, rie = 2 vers Å, siu 3 A= B; 


&e. 
dy—dy 4 , = 2 vers A. sin n À = R; 
wo have by addition 


‘aed = e = one 244 SR + sin. s A) or, 
sin, A -f sin. n A—asin. (a 4-1) A = arni A in A fin, 3A koori ep sin. s A) 
ein, (s 1) A= sin.» À + sin, A 
= (in, A $ sin, 2A....., ein. # A.) 
ean , ZY A l ahihi; ; 
Here, A p Aspo — R7 ==,0042822 == 5038" which is roughly given 
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four sings (in ẹ quadrant of a circle whose radius is 3438). 
These are as follows. | i 
R RS 17 to 22. 225, 449, 671, 890, 1105, 
The sines. 
g ' a 1815, 1520, 1719, 1910, 2098, 2267, 
"9481, 2585, 2728, 2859, 2978, 8084, 3177, 8256, 3821, 3372, 
8409, 8431, 8488. ee 
Subtract these sines separately from the Radius 3438 in the 
inverse order, the remainders will be the versed sines (for 
every 33°), ' à 

23 to 27. There are 7, 29, 66, 117, 
182, 261, 354, 460, 579, 710, 853, 
1007, 1171, 1845, 1528, 1719, 1918, 2123, 2333, 2548, 2767, 
2989, 3213, 3438, versed sinos (in a quadrant), 

28. The sine of the (mean) greatest declination, (of each of 
the planets)=1307 (the sine of 24°). 

he Rule for finding the Multiply tho sino (of the longitude of 

pune oe declination a planet) by the said sine 1307 ; divide 

the product by tho radius 3438; find 

the arc whose sine is oqual to tho quoticnt. This arc is the 
(mean*) declination (of the planet required). 

29. Subtract the placo of the planet from those of the Maw- 
pocncHat and S‘foxrocucia: and the remainders} aro tho 
Kenpras. From the Kenpra determine the quadrant (in 
which the Kendra ends,) and the sines of the Buvsa and Kori§ 
(of the Kzwpra), 

30. The sine of the Buvsa (of the arc which terminates) in 
am odd quadrant ( i. o. 1st and 8rd,) is the sine of that part of 


Tho versed sines, 


* Tho mean declination of a planet is the declination of its corresponding 

int in the pal ea but the Sun’s mean declination is the same as his true 
Kaelin ation. B.D. 

t Mianpocgoma is equivalent to the higher apsis. The Sun’s and Moon’s 
MaxpooncHas (higher apsides) are the same as their's while the other 
planets’ Maxpocucuas are equivalent tô their aphelions. f. D. 

t The first remainder is called the frst Kexpza which corresponds with the 
anomaly, and the second, the second Kzxpre which is alae to the come 
mutation added to or subtracted from 180° as the second Kawpza is greater or 
loss than 180°, B. D. 

. § The Buuza of any given aro is that aro, lese than 90°, the sine of which is 
eya to the sine of that given aro; and the Kopt of any aro is the complement 
of the Bauza of that are. B. D. 
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the given arc which falls in the quadrant whero it terminates, 
but tho sine of the Kort (of that arc) is the sine. of that ‘aro 
which it wants to complete the quadrant where the give: àro 
ends; and the sine of the Bava (of the arg) which ends in an 
even quadrant (i, o. 2nd and 4th) is the sine of that. arc which 
it ‘wants to complete the quadrant whero the given arg’ ends ; 

but the sine of the Kori (of that arc) is the sine of that part of 
the given arc which falls in that quadrant where it terminates. 

To find the sine of tho 31. (Reduce the given degrees &., 
prove $a. to minutes.) Divido the minutes by 
225; and the sine (in S’Loxas 17—22) corresponding to tho 
quotient is called the cara (the past) sine, (and the next sine 
is called the aamya to be past sine): multiply (the remainder 
in the said division) by the difference between the aara and 
damya sino and divide the product by 225. 

82. Add tho quoticnt to tho sine past: (the sum will be tho 
sino required). ‘This is the Rule for finding the right sings 
(of the given degrees &c.) In the samo way, the versed sinos 
(of the given degrees &c.) can be found. 

Given the sino to find its 988. Subtract tho (next less) sine 
ai (from the givon sine) ; multiply the re- 
maindor by 225 and divide the product by the differenco 
(between the next less and greater sinos) : add tho quotient to 
tho product of 225, and that number (which corresponds to the 
next loss sine) ; the sum will be (the number of minutes con- 
tained in) the arc (required). 

Dimensions of the lst | 94. There are fourtcen degrees (of 
: si bars Polling Bre the concentric) i in the periphery of the 
ferent or concentric, MANDA or first epicycle of the Sun, and 
thirty-two degrees (in the periphery of the Ist epicycle) of the 
Moon, when these epicycles are described at the end of an even 
quadrant (of the concentric or on the Line of the Apsides.) 
But when they are described at the end of an odd quadrant 
(of the concentric, or on the diameter of the concentric por- 
pendicular to the Line of tho Apsides) the degrees in both are 


lg 10% 
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diminished by twenty minutes; (thon the de s in the pe- 
riphery of the Sun’s opieyolo=13° 40° and in that of tho 
Mooh’s==81° 40'.) 

Dinensiois of the Ist epi 35. There are 75, 30, 33, 12 and 

syok s breathe Min b in 49, (degrees of tho concentric in the 

peripheries of the first cpicycles of 
Mars, Mereury, Jupiter, Venus and Saturn respectively) at the 
end of an even quadrant (of the concentric, but) at the end of 
anodd quadrant, thore aro 72, 28, 32, 11, 48 (degreeg of tho 
concentric.) 

Dimensions of the 2nd 86. There are 285, 188, 70, 262 
i a aa and 39 (degrees of the concentric) in 
the peripheries of the ‘icra or second opicycles of Mars &c., 
at the end of an even quadrant (of the concentric). 

87, At the end of an odd quadrant (of the concentric,) thore 
are 232, 182, 72: 260, 40 degrees of the concentric in the peri- 
pherios of the second epicycles of Mars &c. 

Given the Kexoza of a 38. Take tho difference between 
panot: te Sad tee Raine the peripheries of epicycles of a planet 
ry of the epicycle, at the ends of an even and an odd 
quadrant; multiply it by the sine of the Buvsa (of the given 
Kenpna of the planet,) and divide the product by the radius. 
Add or subtract the quotient to or from the periphery which 
is at the end of an evon quadrant according as it is loss or 
greate: than that which is at the end of an odd quadrant: the 
result will be the Srauta or rectified periphery (of the opicycle 
of the planet.) 

Given tho Ist or and 02" Multiply the sines of the Buv- 
reeling 2 pari o za and Kort (of the given Ist and 2nd 
ya andKor-rnata andthe KENDRA of a planet) by the rectified 
Ast equation of the planet, periphery (of: the Ist and 2nd epicycle 
of the planet), and divide the products by the degrees in a 
circle or-860° (the quotients are called the Jst or 2nd Bausa- 
PHALA and Kowi-ruata respectively). Find the aro whose sine 
"is equal to the lat Buusa-raata: the number of the minutes 
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contained in this arcs tho MANDA,PHaLA* (ortho Ist squation 
of the planet.) £ : ` 

To find the 2nd equation 40 “Find the 2nd Kopr-rmara ffrom 
of the minor planets Mars a planet’s 2nd KENDRA as mentioned 
ee before :) it is to be added tothe radius ` 
when the Kendra is less than 8 signs or greater than 9 signs, 
but when' the Kenpra is greater than 3 signs and less than 9, 
(then the 2nd!Koy1-rHaza) is to be subtracted (from the radius). 

41. „Add the squaro of the rosult (just found) to that of 
the sine of the 2nd Brusa-pHata: the square root of the sum 
is the S'‘fowra-Karya or 2nd hypothenuse.t 

Find the (2nd) Buusa-rHata of the planct (as mentioned in 
B'LOKA 89th ;) multiply it by the radius and divide the product 
by tho 2nd hypothenuse (abovo found). 

42, Find the arc whose sine is equal to the quotiont (just 
found) ; the number of the minutes contaitfed in the arc is 
called the S/faira-pmaLat (or 2nd equation of the planet.) 

The 2nd equation of Mars &c. is employed in the first and 
fourth operations (which will be explained in the sequel), 

To find tho truo places of 43, (In order to find tho true places 
the Sun, the Moon and other of the Sun and Moon,) a single ope- 
plancts, i s . 

ration called manna (or operation of 
finding tho first equation,) is to be employed (that is to say, 
when you want to find the true places of the Sun and Moon, 
find their first equation and apply it, as will be mentioned’ in 
45th S’toxa, to their mean places: thus you have the true 
places of the Sun and Moon), . 

But in respect of Mars &o. lst S'famra operation (or operation 
of finding the 2nd equation,): Žnd Manna operation, 3rd MANDA 
operation, and 4th S’fawza operation, are to be employed 
successively, 


© Mawpa-pHata is the same asthe equation of the centre of a planet. B. D, 

+ The Sfauni-carya or 2nd apoena is oe to the distance (in 
minutes) of the planet from the Esrth’s centre. B, D, 

$ Síanra-PHALA or Sod equation is equivalent to the annual pania of thee 
superior planets ; and the elongation of the inferior planets. B. D. 
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0 A. Find the second equation (from the mean ‘place of a 
planet :) apply the half of it to the mean place, ang (to the 
« result) apply the half of the first equation (found from that 
~ tesult ; from the ampunt) find the Ist equation again, and apply 
" the whole of it to the mean place of the planet and (to that 
rectified moan place)* apply the whole of the 2nd equation 
(found from the rectified mean place: thus you will find the 
true place of the planet). 

iow the Ist and gg 40" Im the S'fomra and , Manna 
equations of the plancts are operations, the (second or first) equa- 
pele tion of a planet in minutes is to be 
additive when the (second or first) Kenpra (of the planet) is less 
than 6 signs; but when it is greater than 6 signs, the (2nd or 
lst) equation is to be subtractive. 

The Bavsíwraraț correo- 46. Multiply tho diurnal motion 
eee a of a planet by the number of minutes 
contained in the first equation of the Sun, and divide the pro- 

t, duct by tho number of minutes contained in a circle or 21600’: 
add or subtract the quotient, in minutes, according as the 
Sun’s equation is additive or subtractive, to or from the place 

« of tho planet (which is found from the Anarcaya at the mean 
mid-night at Lanx, the result will be the place of the planet 
at the trne mid-night at Lanx4.) 

47, Subtract the diurnal motion of the Apogeo of the 
Moon from her mean diurnal motion; (the remainder will be 
the Moon’s motion from her apogee;) from this remainder 
find the lst equation of her motion (by the rule which will be 
explained farther on). This equation is to be subtractive or 
additive to her mean motion (for finding the true motion of the 
moon), 


® Tho rectifled mean place of om et is called its Mapa spavra place, 
The craig rob puea of Mars, Jupiter and Saturn correspond with their 


+ The BuDsiwTARA correction is to be a tied to the place of a planet found 

from the Auargaya for finding the place of the planet at the true mid-night at 

«LaxxA, arising from thet portion of the equation of time which is due to the 
unequal motion of the Sun in the Ecliptic. B.D, 
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Find tho trao giant 48. In the manna operation, find 
ee pW lcs ee tho (first) equation of a plamet’s diurnal 
ta motions of the others. motion from the motion itself, ih the 
same way in which the planet’s first cquatign is found. 

{Take the difference between the cata and Gauya sines ` 
which have boen: found in finding the sine of tho first Kennra 
of the planet) ; by the difference between tho sines (cara and 
Gauya) multiply the (planet’s mean) motion (from its apogee) 
and divide the product by 225. . 

49. The quotient multiplied by the (rectified) periphery of 
the first epicycle of the planot and divided by 360° (becomes 
the first equation of the planet’s motion) in minutes. Add this 
equation (to the mean diurnal motion of the planet) when the 
first Kunpra is greater than 3 signs and less than 9; but 
when the first Kexpra is greater than 9 signs or less than 3, 
subtract the equation of the motion from it? (thus you have 
the true diurnal motions of the Sun and Moon, and tho MANDA- 
sPHUTA motions of the others which are equivalont to their 
heliocentric motions.) 

To find the truo diurnal 50. Subtract the MANDA-srHUȚA di- 
motion of a minor planete urna] motion of a (minor) planet from - 
its 8‘fenRocicHa’s diurnal motion, and multiply the remainder by 
the difference between the radius* and the 2nd hypothenuse 
found in the 4th operation for finding the 2nd equation. 

51. Divide the product by the (said) 2nd hypothenuse, add 
the quotient (te the MANDA-SPHUTA motion of the planet) when 
the 2nd hypothenuse is greater than the radius ;* but when 
it is less than the radius subtract the quotient (from the 
MANDA-SPHUTA motion, the result will be the true motion of tho 
planet). (But in the latter case), if the quotiont be greater 
(than the manpa-srnuta motion,) subtract (the MANDA-SsPHUTA 
motion from the quotient); the remainder will be the retro- 
grade motion of the planef. 

® Notes on 50 and 51. Some commentators of the Séeva sropmiwra under- 


rk he torin radius the*oosine of the 2nd equation found in the 4th opora«*® 
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Tho cause of the zctrogrese 52. When a planet is at a great 
sion ‘of the planeta. distanco (more than 8 signs), from its 
§'fattrocucHa and (therefore) its body is attracted by tho loose 
, reins (borhe by the.S fazxocucia,) to ita loft or right, then the 
planet’s motion becomes retrograde. i 

When ‘the plonets began S3 804 54, The planets Mars, and 
to: a vies they others (i. e. Mars, Mercury, Jupiter, 

i Vonusand Saturn) get the retrogrado 
motion about the same time when the degrees of (their 2nd) 
Kennras, found in tho 4th oporation, are equal to 164, 144, 130, 
168 and 115 (respectively) : and when tho degrees of (their 2nd) 
Kenpras are equal to the remainders (196, 216, 230, 197 and 
245,) found by subtracting the (said) numbers (164, 144, 180, 
163 and 115,) from 360° (separatcly,) the plancts leave their 
rotrogression. 

55. Venus aiid Mars (loave their rotrogression about the 
same time) when (their 2nd Kenpea) is cqual to 7 signs, on 
account of the greatness (of the rectified dimension) of their 
2nd epicycle: so Jupiter and Mercury (leave their retrogression) 
when (their 2nd Kenpra)=8 signs, and Saturn loaves its retro- 
gression when (its 2nd Kenpra)=9 signs. 

To find the latitudo of a 56. Add or subtract the 2nd equa- 
piot: tions of Mars, Saturn and Jupiter 
(found in the 4th operation) to or from their nodes uccording 
as the 2nd equations applied to the (rectified mean) places of 
the planets: but in respect of Mercury and Venus add or sub- 
tract their Ist equations (found in the 8rd operation, to or 
from their nodes) according as their lst equations are subtractive 
or additive respectively (the results are the rectified nodes), 

57, (For the argument of latitude of each of the planets} 
Mars, Jupiter and Saturn) take its rectified node from its true 
place: but for (the argument of latitude of) Mercury or Venus 
take its rectified node from its S'fangocucma ; find the sine (of 

$ Notes on 56 and 57. It is evident that the argument of latitude of each of 


“the planots, found here, equals the heliocentric place*bf the planet diminished b 
the res of its node, B.D. g 
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tho argument of lațitude of a planct) ; multiply it by tho 
(greatest), latitude of the planet (mentioned in S'soka 70th of 
1st Chaptor) and divide the préduct by tho 2nd hypotheniso 
found in the 4th oporation ; but in respect pf the Moon divido 
it by the radius: the quotient will be the latitude (of the 


planet). 
To find the true declinas 58. The (mean) declination (of a 
tion of a planet. planet or the declination found by 


computgtion from its corresponding point in the ocliptic) in- 
creased or diminished by its latitude, ‘according as they are 
both of the same or differont denominations, becomos the truo 
(declination of the planet). But the Sun’s (truo declination) is 
(the same as) his mean declination. 

To find the length of a 59. Multiply tho diurnal motion 
planet's day, , (in ininutes) of a planet by the number 
of Práyas which the sign, in which the planct*is, takes in its 
rising (at a given placo;) divide the product by 1800’ (tho 
number of minutes which each sign of the ecliptic contains in 
itsclf,) add the quotient, in Prdyas, to tho number of tho 
Prinas contained in a (sidereal) day: tho sum will bo the 
number of Práyas contained in the day and night of that 
planet (at the given place). 

Given the declination, to 60. Find the right and versed 
fud the radius of the diur- ginos of the declination (of a planet) : 
jii take the versed sine (just found) from 
the radius, the remainder will be the radius of the diurnal 
circle south or north of the equinoctial. (This radius is called 
Drwy). : 

To find the asoensional 61. Multiply the sine of declination 
aaa (above found) by the longth (in digits) 
of the equinoctial shadow,* divide the product by 12, the 
quotient is the Kusva :+ The Kusrf multiplied by the radius 


* The equinoctial shadow is the shadow of a vertical gnomon of 12 digits 
when the Sun is in the Sauino u at the mid-day at a given place. B. D. 

t Kusyá is tho sine of that aro of a diurnal circle which i is intercepted between , 
tho Horizon and the six o'clock lino, B, D. 


- -= 


4 Translation of the * 


and divided by, the Dyusyé (above found) pecomes the sino of 
the'ascensioaal difference. Tho arc of that sine (in minutes) 
is the ascensional differenco in ‘PrAnas. 

To find thd lengths of the 9 Add and subtract tho ascen- 
day and night of a plauot sional difference to and from the fourth 
aii a = part of the length of the day and night 
of the planot (as found in s‘Loxa 59) separately, the results 
will be lengths of the half day and half night respectively of 
the planet when its declination is north, 

63. But when tho planct’s declination is south, the reverse 
of this takes place (i. e. the results, just found, will be the 
lengths of the half night and half day of the planet respec- 
tively). (In both cases,) twice the results are the lengths of 
the day and night (rospectively). 

In the same way, the lengths of the day and night of any 
fixed star can bo'determined from its declination which is to 
be found by adding or subtracting its latitudo to or from the 
declination (of its corresponding point in the ecliptic). 

The Buoga of aNaxsnae 64, The Bua-nuoaa (or the space of 
se a NaxswaTra or an Astcrism) contains 
800’ minutes, arid the Buoaa of a mut (or the space which the 
Moon describes from the Sun in tithi or lunar day) contains 
720’ minutes. 

To find the Naxsnarza Tho Place of a planet, reduced to 
in which a planet is at a minutes, divided by the BaabHoaa or 
oa 800", gives the number of those Nax- 
SHATRA or Asterisms (countod from As‘winf which are passed by 
the planet: and the remainder is that portion of the present 
NaxksHaTea which is passed by the planet.) (‘This remainder 
divided) by the diurnal motion (of the planet) gives the quotient 
in the days, GHATIKAS, &c. which the planot has taken to pass 
that portion of tho present NAKSHATRA, 

‘To find the Yoga” at a 65. Tho sum of the places of the 
etree sona; Sun and Moon (found ata givon time,) 


* © Yoaa isa period of time in which the sum of the places of the Sun and 


increases by 18° 20 or 800’. B. D. 
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reduced to minutes, eis to be divided by the Bia-BHOGA (or 
800’) The quotient is the number of tho elapsed Yooas 
(counted from VisaxarupHa): ‘(The remainder is called tho 
aata of the present Yooa, and the Bma-Bgoaa (or 800) dimi- 
nished by the aata is called the.camya of that yooa.) The 
aata and camya: of, the present yooa multiplied by 60 and 
divided by thé sum of the diurnal motions (of the Sun and 
Moon) become the numbers of the past and to bo past GHATIKAS 
(respectively of the present Yoaa at tho given timo.) à 


To find the lunar day at a 66. Take tho place of the Sun from 
given time, that of the Moon (found at a given 
time); divide the remainder, reducod to minutes, by tho 
Buoaa (of a trenar or 720°; tho quotient is the number of the 
elapsed tithis or lungr days.), (The remainder is the aata of the 
prosent rrr, and the Broca of a tirit diminished by the aara 
is the aya of the present treur.) The aata and GAMA of the 
present ttur, multiplied by 60 and divided by tho diferenco 
betweon the diurnal motions (of the Sun and Moon) becomo 
the numbers of the past and to be past amapıkas (respectively 
of the present T1TH1 at the given timo). 


67. The four invariablo Karayas 
called S'akuni, Na&ca, CHatusHraDA 
and Kinsrvanna (always appropriate ta themselves succes- 
sively tho halves of the trrmts,) from the latter half of the 
fourteenth tim of the dark half (of a lunar month to tho first 
half of the first rrr of the light half of the next lunar month, 
inclusive), 


Tuvariable KARANAB. 


68, ’ And the seven variablé/Kara- 
yas,” Bava® &c. afterwards succeed 
each other regulurly, through eight repotitions in a (lunar) 
month. 


Variablo Kapayas. 


* 1. Bava. 2% Bitva. 3, Kavnava. 4, Tarriza. 6, Ganava, 6. VAND , 
va, 7. BEADRA, B.D, 
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69, -.It is to he known that all the Kapayas answer succes- 
sively to half of a TrTm1. 
1 (Ô Maya,) thus I have oxplained to you the Rules for finding 
, the true places of the heavenly bodies, the Sun &c. 


End of ther@nd Chapter of tho SÓRYA-SDDHANTA. 


CHAPTER III. 


Called the Terrassa, which treats of the Rules for resolving the 
questions on Time, the position of places, and directions. 


EEE E EE TE L On tho surfaco of a stone levelled 
and east and west lines and with water or on the levelled floor of 
the points of tho Horizon. , chunam work, describe a circle with 
a radius of a certain number of digits. 

2and3. Placo tho vertical Gnomon of 12 digits at its 
centro and mark the two points where the shadow (of tho 
Gnomon) before and after noon meets the circumference of tho 
circle : these two points are called the west and the east points 
" (respectively). 
Then, draw a line through, the tu* formed between the 


® To draw a line perpendicular to and bisecting: the line joining two given 

points, it is usual to describo two arcs from tho two given points as contres with 

a common radius, ereng each other in two points : the line passing through 

the intersecting points is the line required Jn this construction, the space 

contained by tho intersecting arcs is called tix “a fish,” on account of its form. 

It is evident that the line drawn through the timi formed between ‘two - given, 

e points, ERN perpendicular to and biseot the line which joins the ‘given 
points, B.D, . 
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(said) east and west points, and it will be the north and „south 
lino or the Meridian Line. ° 

4, And thus, draw a line through the tiur formed between 
the north and south points of the Meridian Line ; this line will 
be,the east and west lino, 

In the samo manner, determine the intermediate dixéctions 
through the rxs formed between the points of the determined 
directions (east, south &c.). 

Given tho Gnomonie sha. ©- (Tn order to find the direction 
dow and its Buvas, to fud of a given shadow of the Gnomon at a 
the direction of the shadow, . P : ‘ ; 

given time, describe a circle in the 
plane of the Horizon with a radius whose length is equal 
to that of tho given shadow and at its circumference 
determine the points of the Horizon, the Meridian and 
cast and west lines ‘as mentioned before :) Then describe a 
square about the said circle through tho lincs drawn from tho 
centro (of the circle to the points of the Horizon, in such a 


manner that the square shall touch the circlo at the cardinal | 


points) and in this circle (towards the western or eastern part 
of it according as the given timo is before or after noon), draw 
a line (as a sino,) equal to Buvsa* (of tho given shadow and 
perpendicular to the east and west line towards the north or 
sonth according as tho Bava is north or south. To the end 
of this perpendicular, draw a line from the centre). This (line) 
will denote the direction of the given shadow (at the given 
time), 

6. Tho line representing the Primo Vertical, the six o'clock’ 
line or the equinoctial, passes through the east and west points 
of the Horizon. , 


* The distance (in digits) of the end of the shadow of the Gnomon (which is 
placed at the intersecting point of the Meridian and east and west line) is called 
the Buusa (of the shadow north 8r south according as the end of the shadow is 
north or south of the east and west line : and the distance of the end of the shadow 
from the Meridian Line is called the Kort (of the shadow) east or west according 
as the end of the shadow is east or west of the Meridian Line, B, D, 


E2° 
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To find the sine of ampli- id ci 
Pay ccc cag sire i 7, (In the sajd circlo)* from the 


thenuso of the given shadow, cast and west line (to its north) at a 
distæaco equal to the equinocfial shadow, draw anothor line 
: parallel to the former; the distance botween the end of the 


* ae on the 7th S’zoxa. ‘ 
Let 7,¢ N WT be the 

plane of the Meridian of the 
given place of north lati- 
tude; and in that plane 
letG A H be tho diamo- 
ter. of the Horizon, Z the 
zenith, Pand Q the north 
and south poles, E A F the 
diameter of the Equinoc- 
tial, P A Q that of the six 
o'clock line, Z A N that of C 
the Primo vertical, C a D 
that of ono of tho diurnal 
circle in which the Sun is 
suppored to revolve at the 
given day and s the projec: 
tion of tho Sun's place : and 
let 2 o, è b bo the perpendi- 
culars to Z N, Q H respec- 
tively. 

Then, A a == Aan or 
the sine of the Suns am- 
plitude ; 

b = SANxv or tho sino of the Sun's altitude; 

osor A} = Bava or the sino of the distanco of the Sun from the Prime 
Vertical measured on a great circle passing through tho Sun and at right angles 
to the Prime Vertical, 

a 6 = S'ANKUTALA or the distance of the perpendicular drawn from the Sun's 
i to the horizontal plane, from the line (called the Upayásra-sýrra in 

unskrit) in which the plane of the Horizon intersects that of the diurnal circle; 

and it is evident from tho figure that 
“ Aa=abt Ab: 

res or Agri = S’anxoraza $ BAUJA! 
in this the upper or lower sign must evidently bo used according as theSun is 
north or south of the Prime Vertical, 
: Now if these Aaxf, S’axxutata and Bauza which are in torma of the radius 
of a great circle, be reduced to the hypothenuse of the gnomonic shadow at the 
given time, it is clear that the reguced Brusa will be equal to the distanco of 
the end of the shadow from the east and West line, but the reduced SÁNKUTALA 
will equal the Equinoctial shadow. It is showed thus: 

let R == the radius of a great circle: 

A = tho hypothenuse of the shadow; 
128 
then, 4: R=12;86,..25= —,; 
h 


Now, in the triangle 2a" / aa b = the latitude of the given place; 
að  thosine of latitude the Equinoctial shadow 


sb — the cos, of latitude 13° 


; 
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given shadow and thp lattor line is equal to the sino of gmpli- 
tude (reduced to ‘the hypothenuse of the given shadow). 


Given the shadow to find 8. The square-root of the sum of . 


its hypothenuse. the squares (of the longths) of the 


Gnomon and the given shadow is talled the hypothcuuse of the : 


shadow: from tho square of tho hypothcnuso subtrgct tho 
square of the Gnomon; the square-root of tho remainder will 
be equal to the shadow; and the length of the Gnomon is to 
bo known (from the shadow) by the inverse calculation, » 

Tho precession of tho 9. The circle of Asterisms librates 
eae re 600 times in a great Yuaa (that is to 
say, all the Asterisms, at first, move wostward 27° Then 
returning from that limit they reach their former places. Then 
from those places they move castward tho samo number of 
degrees; and roturning thence como again to their own placos. 
Thus they complete one libration or revolutiofi, as it is called. 
In this way the number of revolutions in a Yuaa is 600 which 
answers to 600,000 in a KALTA). 

Multiplying tho Ainarcaya (or the number of elapsed days) 
by the said revolutions and dividing by the number of terres- 
trial days in a Karra ; the quotient is the elapsed revolutions, 
signs, degrees, &c. 

10. (Rejecting the revolutions), find tho Buvsa of the rest 
(i. e. signs, degrees &e. as montioned in S'Loxa 30th of the 2nd 
Chapter). Tho Bavsa (just found) multiplied by 3 and divided 
by 10* gives the degrees &c. called the Ayana (this is the same 
with the amountt of the precession of the cquinoxes). i 

A ` the Equinoctial shadow ` 


or abx—=—— 
12 R 12 


Camron? P 
b 


h 
~abyX = or the reduced S’anxurata = the Equinoctial shadow ; 


«+ The reduced sine of amplitu udp 
== the Equinoctial shadow £ the reduced Buvsa; this explains the 
7th §/xoxa. B.D. 
` # 37°; 90°. B.D 
t This is the distance of the Stellar Aries from the vernal equinox. B, D, 
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Add or subtract the amount of the pregession of the equi- 
noxes (according as tho asterisms are moving eastward or 
westtvard at the given time) to‘or from the place of a planet: 
from the result (which is equivalent to tho longitude of the 

| planet) find the declination,’ the shadow of the Gnomon, the 
tho ascensional difference &c. ot 

This motion of the asterisms (or the precession of the equi- 
noxcs) will be verified by the actual observation of the Sun 
when he is at the equinoctial or tho solstitial points, , 

11. According as the Sun’s true place found by computa- 
tion (as stated in the 2nd Chapter) is less or greater than that 
which is found by observation (i. o. the longitude of the Sun), 
the circle of astcrisms is to the east or west (from its original 
place) as many degrees as these aro in the difference (between 
the Sun’s true placo and the longitude). 

12. At a given place, when the 
Sun comes to the equinoctial, the sha- 
dow (of the Gnomon of 12 digits) cast on tho Moridian Line 
at noon is called the Patanif or tho equinoctial shadow (for 

that place). 


Tho equinoctial shadow. 


Given the equinoctial shee 13. Tho Radius multiplicd by the 
dow, to find tho co-latitude Gnomon (or 12) and the equinoctial 
a shadow (separately) and divided by 
tho equinoctial hypothenuse* gives tho cosine and sino of the 
latitude (respectively). Tho arcs of these sines are tho co-lati- 
tude and tho latitude which are always southt (at the given 
place from whose zenith the equinoctial circle is inclined to the 
south). ‘ 

Given the Gnomon's shae 14 and 15. Tho Bausa of the sha- , 
Dae te tarde wee dow of the Gnomon at noon is the 
of the place. same as the shadow itself. Multiply 

# The equinoctial hypothenuse is the hypotkenuse of the equinoctial shadow 
found by taking the square-root of the sum of the equares of the equinoctial 
shadow and the Gnomon (or 12), B. D 


+ The south Jatitudes of Sanskrit ‘correspond to the north latitudes of the 
“Europeans, B, D. 
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tho Radius by that Buvsa and divide the product by the hypo- 
thenuse of the said shadow; tho quotient will, bos the sine of 
the zenith distance: the zenith‘distance, found from that sine 
in minutes, is north or south according as fhe Buvsa is south 
or,north respectively (at a given place). Find the sum of the ` 
zenith distance and the Sun’s declination in minutes when 
they are both of the samo name, but when they are of contrary 
names, find the difference between them. This sum or diffur- 
ence isghe latitude in minutes (at the given placo). : 


To find the equinoctial 16. Find the sine of the latitude, 
shadow from the latitude, = (inst fonnd); tako the square of that 
sine from that of the Radius; tho square root of the remainder 
is the cosine of the latitude. The sine of the latitude multiplied 
by 12 and divided by tho cosine of the latitude gives tho 
Parasu or tho equinoctial shadow. 

° 

Given the latitude of the 17. Find the difference between the 
pia e baa sulla degrees of the latitude (at a given place) 
declination and longitude. and those of the Sun’s zenith distanco 
at noon when they are both of the samo name, but when they 
are of contrary names find the sum of them; the result will be , 
the Sun’s declination: multiply its sind by the Radius. 


18. Divide the product by the sine of tho Sun’s greatest 
declination (or 1397) ; find tho arc (in signs &c. whose sine is 
equal to the quotient, just found) ; this arc will be the logi- 
tude of the Sun when he is in the first quarter of the Ecliptic : 
but when he is in the second or third quarter, subtract or add 
the signs &o. (contained in the arc) from or to 6 signs; (the 
remainder or the sum will be the longitude of tho Sun). 

19. And when tho Sun is in the fourth quarter of tho 
Ecliptic subtract the signs &c. (which compose the arc) from’ 
12 signs ; the remainder will be the true longitude of the Sun 
at noon. 

(To the longitude, just found, apply the amount of the pre- 
cession of the equinoxes inversely for the Sun’s tre place.) 


. 
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To Gnd the Sun's mean (In order to find the mean place of 
placp from his frue place, tho Sun from his true place above 
fourtl,) find the 1st equation from the true place of the Sun and 
apply it inversely tọ tho place repeatedly, tho result is the mean 
place of the Sun (thatis, assume the true place as his mean plage, 
find the Sun’s first equation from it and add this equation to the 
true place if the equation be subtractive, but if it be additive, 
subtract it from the true place; the result will be somewhat 
nearer to the exact mean place of the Sun at the given noon ; 
assuming this result as the Sun’s mean place apply the said 
mode of calculation, and repeat the process until you get the 
exact mean place of the Sun). 

Given the latitude of the 20. Find tho sum of the latitude of 
ae ee pe a given place and the Sun’s declination 
distance at noon, when they are of tho same name, but 
when they are of contrary names find the difference between 
them; the result will be. the zenith distance of the Sun (at 
noon). Find the sino and cosine of the (found) zenith dis- 
tance, 

Given the Bun's zenith 2l The sino (just found) and the 
distance at noon, to find the , Radius multiplied by the length of the 
shadow and ite hypotenuse, ¢nomon in digits (or by 12) and di- 
vided by the cosine (above found) give the shadow of the 
Gnomon and its hypothenuse (respectively) at noon. 

- Given the Sun's declina, 22. The sine of the Sun’s declina- 
Lo ade tnd th sing of tion multiplied by the eqninoctial hy- 
amplitude reduced. pothenuse and divided by 12 gives the 
sine of the Sun’s amplitjzde. This sino multiplied by the 
hypothenusé of the Gnomonic shadow at noon, and divided by 
the Radius, becomes the sine of amplitude reduced to the 
‘shadow’s hypothenuse. . 

Given the equinoctialshae 23. To this reduced sine of the 
Sas Ws aide Ba. Sun’s amplitude add the equinoctial 
a, shadow; the sum will be the north 

' Baus (of tho shadow at the given time) when the Sun is 
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in the southern hemisphere, but when ho i is in tho northern 
hemisphere, take the reduced sine of amplitude from the 
equinoctial shadow, and tho temainder will be the worth 
Buvsa. 

d. In the latter case, when tho reduced sine of amplitude 
is greater than the equinoctial shadow, subtract this Shadow 
from tho reduced sine; the remainder will bo the south Buysa 
botween east and west line and the end of the shadow at tho 
given tyne. Every day the Buusa at noon equals tho Guo- 
mon’s shadow at that time. l 

l , 25. Multiply tho cosine of the lati- 
a bie uae an tudo by the Equinoctial shadow or the 
tlio liyporaonnia of tho sha ging of the latitudo by 12; the product 

ow at tho time when the 

Sun reaches the Prime Vertie (which is the samo in both cases) 
cal dividod by the sine of the Sun’s de- 
clination gives tho hypothenuse of the gnomontc shadow at the 
timo when the Sun reaches the prime vertical.* 

26. When tho (Sun’s) north declin- 
ation is less than the latitude, the 
hypothenuse of tho shadow at noon multiplied by the oquinoc- 
tial shadow and divided by the reduced sino of amplitudo at : 
noon, gives the (same) hypothenuset (which is found in the 
preceding S'LOKA). 


Otherwise, 


* This is shown thus, 
Let } == latitude of the place ; 
e = the equinoctial shadow; 


d = tho sine of the Sun’s cone n the Sun reaches the primo + 


.. altitude; vertical, 


p= 

z= the 'hypothonuse of the shadow ; 
Then, sin Z: d =B: p; 

ad R:p= v: 12; a 

l2sin? e cost 
== ——- (because cos 7; sin è= 12: l and ., o. cos! = 
d d 12 sin i), 

t This is proved thus. 

Let A = the hypothenuse of thp shadow at noon ; 

a = the sine of amplitude reduced to that hyp. 


E 


aR 
s PN = the aine of amplitude in terms of tho radius, 
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27., The sine of the declination (of the Sun) multiplied by 
the-radius and divided by the cosine of the fatitude becomes 
the fine of amplitude. Multiply this sine by the hypothenuse 
of the shadow ata given timo and divide the product by the 
radius: the quantity obtained is the sine of amplitude „in 
digits (reduced to the hypothenuse of the shadow at the given 
time). e . ' 

Given the equinoctial aha- 28 and 29. Subtract the square of 
dow and the Sun's amplie tho sino of amplitudo from thp half of 
when situated in thovertien the squaro of the radius; multiply 
ae the azimuth the remainder by 144; divide the 

product by the half of the square of 
the gnomon (i. e. 72) increased by the square of the equinoc- 
tial shadow. Let tho namo of tho result be tho Karanf, Let 
tho calculator write down this number (for future reference). 

30. Multiply twelve times the equinoctial shadow by the 
sine of amplitude and divide the product by the former divisor 
(i. e. 72 added to the square of the equinoctial shadow). Let 
the result be called tho Praza, Add the square of tho Karayí 
to the Pata and take the square-root of the sum. 

31 and 82. The square-root, (just found), diminished or 
increased by the Puata according as tho Sun is south or north 
of the equinoctial, becomes the Kona-s‘anku* or the sino of 


y aB 
Then ri : p (the sine of the Sun’s altitudo when he is at the primo vertical) 
= 008 } ; sin } = e (equinoctial shadow) : 12; 

124¢R 


ee h š 
and .p 1 B= 13 : z (the bypothenuge of the Sun's shadow when he reaches 
the prime vertical) : 
ca 128 = = ing the Sun’s declination to 
c= = c cz ee 5 supposing the Sun's declination 
P? . 12 aB a undergo no change during tho 


day, 
# This is demonstrated thus, 


and æ= the Koya: B'ANKU. 
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altitude of the Sun when situated at an intermediate vertical 
(intersecting the Horizon at the N. E. and S. W. or N. W. 
and S. E. pointa). Ifthe sun be south of the prime vertical, 
then the Kona-s’anxv will be south-east or, south-west, but if 
ha be north of it, then it will be north-east or north-west. 
The square-root of the difference between the square, of the 
Kowas‘anxu and that of the radius, is called the Deyayy{ or 
the sine of the zenith distance. 

33. «Multiply the (said) sine of the zenith distance and the 
radius by 12 and divide the products by the Kowa-s’anxo 
(above found); the quotients will be the shadow (of the gno- 
mon) and its hypothenuso (respectively, when the Sun will 
come on an intermediate vertical) at the proper placo and time. 


e 
Then, 12 : e = g : —— z = S'AUKUTAIA (as shown in thg note on 7th S'LOXA) ; 
12 


and since it is manifest from the same note that the S'auzorTAatAa applied with 
the sine of amplitude by addition or subtraction according as the Sun is south 
or north of the equinoctial, becomes Buvva (i. e. the sine of tho Sun’s distauce 
from the primo vertical), 

e 


es ~a ot a = BAVIA; 


12 
but when the Sun is N. E., N. W., 8. D., or 8. W., it is eqnidislant from the ‘ 
prime vertical and the meridian. Therofore the hypothenuso of a right-angled 
triangle, of which one side is tho Bausa and the other equal to it, ia the sino of 
the zenith distance, , 
e 


e ae 
*. hyp.)? == 2 (~ z + a)? = —— t? t mm fh Ia a, 
m) 12 72 3 è 

Now, since the aquare of (he sine of tho zenith distanco added to the square 
of tho sine of the altitude is equal to the square of the radius, 

e? ae R 

“Of —— ott —— 2 $24a'= d; 

8 


72 
or (e -+ 72) z? + 24 a e æ = 72 Rf — 144 a1; . 
24 ae 72 R? — l44a’ 144(4 R? — a") 
oe ao? Q OE ance eee SS CEUTA 9 
Ff 72 e? + 72 o? +. 72 


Now, in the foregoing equation it will be observed that the value of the side 
containing the known quantitios y what has been already spoken of under tho 
name of Karavi, and that the half of the co-efficient of # is what has been already 
spoken of under the name of PHALA, 


s at Bfr= k, ° 
which gives e=aff'+h Ef B.D. 
r 2 
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The'latitude of tke placo 84, Add or subtract the sine of 
being gi Puoh dimno the ascensional difference to or from 
altitude, Zenith distanco &. the radius according as the Sun is in 
at given time from noon, = the northern or southern hemisphere. 
The result is callod the Anryf. From the Awryé subtract the 
versedssine of the time from noon (reduced to degrees) ; Multi- 
ply.the remainder by the cosine of the declination. 

85 and 86, Divide the product, (thus found), by the radius; 
the quotient is called the cmmepa ; the cumpa multiplied by 
the cosine of latitude and divided by the radius becomes the 
S‘awxu* or the sine of the Sun’s altitude (ut the given time). 
Subtract the square of the S'anxu from that of the radius ; 
the square root of the remainder is prya-sYA or the sine of the 
zenith distance (af the given time). (From the s‘anxu and the 
DRyG-JYA) find the shadow and its hypothenuse as mentioned 
before (in S'roxÀ 32). 

Givm the gnomonical Multiply the radins by the given 
shadow and its hypothenuse, shadow (of the gnomon) and divide the 
ia aac ala product by the shadow’s hypothenuse. 


# This will be manifest thus. 
Let ? = latitude of the place north of the equator ; 
d = the Sun's declination ; 
a = the ascensional difference, 
t = the time frome noon in degrees, 
and x = the Sun's altitude. 
‘Then we have the equation which is very common : 


; cos f. cos I, cos d + R. sin J. sin d. 
BID BS rere erence eet eee 


R2 


' a j P 
cos ar as cos 2. cos 
e 


SS Aen GD aE eres © TD > 


(cos ¢ + sin a) cos è cos d 


R? 
(R + sin a — vers t) cos d: cosa 
or IS ae e p, omen og 
R R 


a Tt is to be observed hero, that when the latitude of the place is. north, the sin 
a becomes plus or minus according as tho declination is nortlyor south, B, D, 
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87. The quotient js the Drya-sy4 ; the square-root of the 
square of the radius diminished by that of the prya-syd (just 
found), is the s'anxu: multiply if by the radius and divide ¢ho 
product by the cosine of latitude (of tho place). 

88 and 89, The result (thus found) is the cHaxDa ; multiply 
the cuHEnA by the. radius; divide the product by thé gosine 
of the declination. Subtract the quotient from the Anry4 and 
tako the remainder. From the versed sines (given in s’LOKAs 
23—27 ef the second chapter) find the arc whose versed sine 
equals the remainder: The minutes contained in the arc are 
the Práyas in the time before or after noon.* 

Given the latitude of tho Multiply the cosine of latitudo by 
ering reana sino the given reduced sine of amplitude 
Bun’s declination and longis and divido the product by the given 
a . shadows hypothenuse (at a given 
time), : 

40, The quotient, (thus found), is the sine of the Sun’s 
declination ; multiply it by the radius and divide the product 
by the sine of the greatest declination; find the arc in signs, 
degrecs, &c.; from this arc and that quarter of tho ccliptic in 


which the Sun is situated at the given timo the Sun’s longitude |: 


can be determined (as montioned before in Stoxas 18 and 19 
of this Chapter). ? 

To draw n line in which 4l On any day place a vertical 
the Gnomonio shadow’s end gnomon on an horizontal plano; mark 
ee f tho end of the shadow at three dif- 
ferent times on the plano, and describe a circle passing through 
these points, Then the end of the ehadow of that gnomon 
will revolve'in the cireumfererfce of this circle through that 


day. 


* This Rulo is the converso of thé precoding one. B, D, 
t This Rule is refuted by Budsxandoudeyva in his Gorapurdva, and he is 
right, because the end of the gnomonical shadow revolves in an hyperbola in the 
placos between the atotio and antarctic circles, B. D, 
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To find the sich aaa 42. (In order to find the right 
sions of the frst three signs nsconsions of the ends of the three 
ee first bigns of tho ccliptic i, e. Aries, 
on and Gomini, find tho declinations of the ‘said ends) then 
multiply the sines of one, two, and three sines by the cosine of 
the gyeatest declination of the Sun separately, and divide the 
products by the cosines of the declinations (above found), 
respectively: The quotients will be the sines of the arcs; find 
tho arcs in minutes. (These arcs will be the right ascensions 
of the ends of the threo first signs of the ecliptic). 

To find the rising periods 48. The number of minutes con. 
of those signsatthe Equator, tained in the first right ascension, 
(above found), is the number of Priyas which Aries takes ir 
its rising at LANKA (or the equator) ; then take the first righi 
asconsion from the second and the second from tho third; thc 
remainders in minutes will denote tho numbers of Prdyas ir 
which Taurus and Gemini rise at the equator. 

(The numbers of the Prayas, thus found, contained in the 
rising periods of Aries, Taurus and Gemini at the equator are) 
1670, 1795 and 1935 (respectively). 

To find tho rising periode (In order to find the rising poriods 
of thoso signs at a given of tho first threo signs of the ccliptic 
pact: at a given placo of N. L., find al 
first tho ascensional difforences of the ends of the said sign: 
at that place and subtract the first ascensional difference fron 
the second and the second from the third. Tho first ascen 
sional difference and these romainders are severally called th 
CHARAKHANDAS of the sgid signs for tho given place). Sub 
tract the CHARAKAANDAS (of thé first three signs) for the given 
place from their rising periods nt the equator : tho remainder! 
will be the rising periods in Priyas of the said signs at thi 


given place. 
To find the rising poriods “44, The rising periods of the firs 
ads three signs of the ecliptic at th 


Equator successivoly increased by thcir CHARAKHANDAS give i1 
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a contrary order the rising periods of tho following ‘three 
signs (i. e. Cancer, Leo and Vergo). Tho rising perjods of the 
first 6 signs, thus found, answor 4n an inverse order to those of 
the latter six Libra, &c. for the givon place. 
` 45. From the Sun’s longitude as- 
pt ind he Horotope or cortained at tho given time, fintl tho 
eon M a given time from Burra and Buocya times in PRANAS, 
(in the following mannor. Find tho 
sign in which the Sun is and find the Bruxra dogrees or tho 
degrees which the Sun has passed and the Buoaya degrees or 
those which ho has to pass). Multiply the numbers of the 
Buvxta and Bnoaya degrees (separately) by the rising period of 
tho said sign (at the given place) and divide the products by 30. 
(The first quotient is the Bauxra time in Prayas in which tho 
Sun has passed the Bauera degrees, and the latter is the Boara 
time in Prdwas in which he has to pass the Bureava dogreos.) 
46 and 47. From the given time in Priyas (at the ond of 
which‘the Horoscopo is to be found) subtract tho Broaya time 
in Prayas and tho rising periods of the noxt signs (to that in 
which tho Sun is, as long as you can, then at last, you will find 
the sign, the rising period of which being greater than the 
remainder you will not be ablo to subtract, and which is con- 
sequently called the as'uppHa sign or the sign incapable’ of 
being subtracted, and its rising period the as'uppna rising). 
Multiply the remainder thus found by 30 and divide the 
product by the as‘uppHA rising period: add the quotient, in 
degrees, to the preceding signs (to the as uppita sign) reckoned , 
from Aries: (and to the sum apply the amount of the precos- 
sion of the equinoxes by subtraction or addition according as 
it will be additive or subtractive): the rosult, (thus found), 
will be the placo of the Horoscope* at the eastorn horizon. 
If the time at the end of which the Horoscope is to be found, 
_* Thus there are two processes for finding tho Horoscope, one whien the given 
time is after sun-rise and the other when it is before sun-riso, and which are 


consequently called Krawa or direct and VydixRama or indiroct procussos | 
respectively. B. D. 
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be given before sun-rise, then take the Bauxra time (above 
found) and the’ rising periods of the preceding signs, to that 
which is occupied by the Sun} in a contrary order from the 
given time; multiply the remainder by 80 and divide the 
product by the A8 UDDHA rising period ; subtract the quotient, 
in degrees, from the signs (reckoned from Aries to tho as uD- 
DHA sign inclusive) ; the remainder (inversely applied with the 
amount of the precession of the equinoxos) will bo the placo of 
the Horoscope at the eastern horizon. Zi 

To find tho culminating 48, From the time, in GHATIKAs, 
point of the Ecliptic at the from noon, before or after, the Sun’s 
lected a cca place found at the given timo, and 
the rising periods of the signs ascertained for the equator, find 
the arc, in signs, degreos, &c. (intercepted between tho Sun 
and the meridian at the givon place) subtract or add tho signs 
&c, (just found} from or to the Sun’s placo (according as the 
given time is before or after noon); tho result will be the 
place of the culminating point of tho ecliptic (at the ‘given 
time). 

Given the place of the 49. (Of the given place of the 
caster i ea fen: Horoscope and that of tho Sun), find 
eun-rise, the Brocya time in Prfyas, of tho 
legs and the Bavxta time, in Prayas of the greater, add togo- 
ther theso times and tho rising periods of the intermediate 

_ signs (between those which are occupied hy the Sun and tho 
Horoscupe) ; aud you will find the time (from sun-rise at the 

, end of which the given place of the Horoscope is just rising in 
the eastorn horizon). 

50. When the given place of tho Horoscope is less than 
that of the Sun, the time (above found) will be before sun-rise, 
but when it is greater, the time will be after sun-rise. 

And when the given placa of the Horoscope is greater than 
that of the Sun increased by 6 signs, the time found (as men- 
tioned before) from the place of the Horoscope and that of the 

« Sun added to 6 signs will be after sun-set. 
End of the third Chapter called the Trirmas‘Na. 


(d 
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CHAPTER IY. 
COn the Helipses of the Moon. 


1. Tho diamoter of the Sun’s orb 
The diameters of the Sun 
and Muon in ywanas and is 6,500 youanas and that uf the 
their rectification. * Moon’s is 480 YoJANAS. ý 

2 and 3. The diametors of the Sun and Moon multiphod 
by theiņ truo diurnal motions and divided by (thoir) moan 
diurnal motions become tho spnuta or rectified diameters, 

re ea ree The rectified diameter of tho Sun 
at iho Moon and thoir diae multiplied by his revolutions {in a 
eee rapes Karra) and divided by the Moon's 
revolutions (in that cycle), or multiplied by the periphory of 
the Moon’s orbit and divided*by that of the Sun, becomes tho 
diameter of the Sun at the Moon’s orbit, ® . 

The diameter of the Sun at tho Moon’s orbit and the Moon’s 
rectified diameter divided by 15, give the numbers of minutos 
contained in the diameters (of the discs of the Sun and the 
Moon respectively). 

To find tho diameter of 4008 Multiply the true diurnal + 
tia Barth's shadow at tho motion of the Moon by tho Karth’s 

diameter (or 1,600) and divide the 
product by hor mean diurnal motion ; tho quantity obtained is 
called the Stcuf. Multiply the difference betwoen tho Karth’s 
diamoter and the rectified diameter of the Sun by tho moan 
diameter of the Moon (or 480) and divido the product by that » 
of the Sun (or 6,500) ; subtract tho quotient from the Sécuf 
the remainder will be the diameter (in yosaNas) of the Karth’s 
shadow (at the moon); reduce it to minutes as mentioned 
before (i. e. by dividing it by 15). 
To find the probabletimos Ô. The Karth’s shadow (uJways) 
of the occurrences of eclipses. rorhaing at the distance of 6 signs from 
tho Sun. When the placo of the Moon’s ascending node equals 
the place of the shadow or that of the Sun, there will bo an ° 
G 
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eclipsé (lunar or solar). Or when that node is beyond or within 
the place of the shadow or that of tho Sun, by some degrees, 
theesame thing will take place: 

7. The places of tho Sun and the Moon found at the time 
of the new moon are equal (to each other) in signs, (degrees) 
&c. ahd at the instant of the full moon they aro at the distance 
of 6 signs from each other. 

To reduce the places of 8, (Find the changes of the places of 
the Sun, the Moon and her the Sun, the Moon and her agconding 
ascending node as given a . i ae te 
mid-night to the instant of node in the instant from midnight to 
the aysyey: the instant of the syaygy as mon- 
tioned in s'toka 67th of Ist Chapter). To the places of the 
Sun and the Moon (as found at the midnight) apply by sub- 
traction or addition their changes according as the instant of 
the syzygy is before or after midnight: the results are called 
the sama-KALA places of the Sun and the Moon: But increase 
the place of the node (at midnight) by its change, if the 
instant of the syzygy be before midnight, or diminish it if it be 
after midnight. 

What covers the Sun and . 9. The Moon being like a clond in 
the Moon in their eclipses. a lower sphere covers the Sun (in a 
solar eclipse); but in a lunar ono the Moon moving eastward 
enters the Earth’s shadow and (therefurc) the shadow obscures 


her disc. 
To find the magnitude of - 10, Take the Moon’s latitude (at 
an eclipse, the time of syzygy) from half the sum 


' of the diameter of that which is to be covered and that of the 


coverer (in a lunar or «solar eclipse) ; the remainder is the 
greatest quantity of the eclipsed part of the disc. 

E eee 11. If this quantity should be 
of a total, partial or no greater than the diameter of the diso 
a which is to be eclipsed, the eclipse 
will be a total one, otherwise it will be partial. But if thr 
Mocn’s latitude be greater than half the sum (mentioned in | 
the precoding S'roxa) there cannot bo an eclipse, 
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To find tho half duration 12 Find the halves separately of 
of the eclipse and that of the the sum and difference of the diameter 
togal darkness of that*which is to be covered sand , 
that which is tha coverer. Subtract the square of the (Moon’s) 
latitude (as found at the time of the syzygy) severally from 
the squares of the half sum and the half difference and take 


the square-roots of tho results. . 


18. Theso roots multiplicd by 60 and divided by the 
diurnal ‘notion of the Moon from the Sun give tho STHITYALRDIA 
the half duration of the Eclipse and marpdxpia the half dura- 
tion of the total darkness in amapıxás (respectively). 


To find the exactSrarry- l4 and 15. The diurnal motions (of 
ARDIA and MARDÁBRDHA. tho Sun the Moon and her ascending 
node) multiplied by the SruryarpHa (above found) in anapi- 
kás and divided by 60 givo their changes in minutes. Then to 
find the first exact Srarryarpua, subtract the changes of the 
Sun and the Moon from their places and add tho node’s chango 
to its place; from these applied places find the Moon’s latitude 
and the Srarryarpuaa. ‘This Srairyarpua will be somewhat 
nearer the exact one, from this find the changes and apply the » 
same mode of calculation (as mentioned before) and repoat the 
process until you get the sume STHITYARDHA in every repeti- 
tion. This Sruiryvarpira will be the exact first SrarryvarDHa. 
But to find the latter SrarryarpHa add tho changes of ‘the 
Sun and Moon to thoir places and subtract the node’s change 
from its place; from these applied places find tho Moon’s 
latitude and the Srarryarpia again and repeat the same proccss 
until the exact latter SrarrvarpHa be found. In tho same 
manner determine the first and second exact marDÁRDHAS by 
repeated calculations. 

To find the times of the 16. At the end of the true lunar 
pinea ch ancerlipse, day (i. e. at the time of the fall moon) 
the middle of the eclipse takes placo ; this time diminished by 
the éxact first Srucrvanpua leaves tho time of the beginning,” 

a2 
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and jncroased by tho latter exact Stmityarpu4 gives tho time 
of the end.. 

19. In the samo manner, the time of tho middle of a total 
eclipse diminished, and increased (separately) by the exact first 
and second MarpAxpuas gives the times of tho beginning and 
end of the total darkness (respectively). , 

Mo find the Koyr or the 18. Multiply the diurnal motion of 
ne ee a the Moon from the San by tho (first) 
eclipso to a given time, Srurryvarpua diminished by given 
enatikds and divide the product by 60, tho quotient is the 
Kopf in minntes (or the perpendicular of the right angled 
triangle of which the Moon’s latitude is the base and the 
distance between the centres of that which is the coveror and 
that which is to be covered is tho hypothenusc). 

19. In an cclipse of the Sun, the Kopi in minutes (above 
fonnd,) multipliad by the mean Srinryarpna and divided by 


_ tho apparent* Srurrvarpaa becomes tho Kenupa or apparent 


Kori in minutes. 

To find the quantity of the 20. The Moon’s latitado is the 

e (e ie area ae Brusa (or base) and the square-root 
eclipse. . of the sum of the squares of the Kopi 
and Brusa is the hypothenuse (of tho trangle as mentioned 
before in S'toka 18th). Subtract the hypothennse from half 
the sum of the diameters (as stated in S’toxa 10th) ; the rc- 
mainder will be the quantity of the eclipsed part (of the disc) 
at the time (at which tho Koq1 and Buvsa aro ascertained). 
‘ Tofnd the quantity ofthe 21. If it be required to know tho 
Sites es acter Nit of, Kop &c. ata given timo after the 
eclipse. middle" of the eclipse, subtract the 
Guatixas (between the given time and the end of the eclipse) 
from the second Srairyarpua; from the remainder find the 
Kort &o. as mentioned before. Tho obscured part found from 
the sécond Sruiryarpua is the portion of the disc yet in 
obscurity. 


p © The mean and apparent STUITYARDHAS will be explained in the next 


chapter. B. D. 


© Strya-Siddhdnta. | 45 


® 

Given tho quantity of the 22 and 23, Subtract the minutes 
eclipsed part, to fff its : , a ; 
corresponding time. contained in tho given eclipsed part 
from half the sum of tho diameter of that which is coveted 
and that which isethe coveror; from the square of tho romain- 
dor subtract the square of tho Moon’s latitudo at that time. 
ho square-root of the remainder is the Koti in minutes (in 
the lunar eclipse). But in tho solar one tho remainder (thus 
found) multiplied by the apparont StmiryaRpHa and divided by 
tho meat? Srurrvarpi gives the Kopt in minutes. From tho 
Kort find tho timo in Guatikds in the samo way that you found 
the SrmryarpHA (from the square-root as mentioned in S'LoKA 
13). At this time (before or after the middle of tho eclipso,) 
the quantity of the eclipsed part is equal to the given one. 

To find the Vatawas uset 24, Find the zenith distanco* (in 
in the projection of eclipses thy prime vertical of tho body which 
is to be eclipsed), multiply its sine by the sind of the latitudo 
of tho placo, and divide the product by the radius. Find the 
arc whose sine is cqual to tho quotient; the degrecs contained 
in this aro called the degrees of the (Axsua or tho latitudi- 
nal) VALANA: thoy aro north or south according as tho body 
is in the castern or western homisphere of the placo. 

25. From tho place of the (said) body increased by 3 signs 
find the declination, (which is called Ayana or solstitial VALANÁ). 
Find tho sum or difference of the degrees of this declination 
and those of the latitudinal vatand, when thoso valanas are of 
the same name or of contrary names: (tho result is called 
sphuta or true vaALANA). The sino of tho true vaLand divided ' 
by 70 gives the VALANA in digits. t 

* The distanco of the circle of position (passing through the body) from 
the zenith of the placo is called tho zenith distanco in the prime vertical of tho 
body. Tho rough amount of this can be easily found by the following simplo 


proportion, 
a o tho length of the day of the body 


:: the time from noon of the body at a given time 

: tho zenith distance in the prime vertical at the given time, B, D. 

t In the projection of eclipses, after drawing tho disc of the body tobe , 
eclipsed, the uorth and south and the cast and west lincs, which linca will of 
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Te find (he ANGUTAS or 26. Find tho length of the day (of 
Sigita, wae Fe a tho body which is to be cclipsed as 
m ia r, 
eclipeed part, be at a pie mentioned in s’Lokas 62 and 63 of the 
poe ARNE RE eae second Chapter): te this length add 


its half and the unnata timo (or the half length diminished by 


e i 
course represent the circle of position passing through the body (supposed on the 
ecliptic) and the secondary to that circle at the given place, to find the direction 
of the line representing tho ovliptio in the diso of the body on which the knows 
ledge of tho exact directions of the phases of tho eclipses depends, it is necessary 
to know the anglo formed by the said secondary and the ecliptic, Tris angle or 
that arc of a great circle, 90° from the place of the body which is intercepted bo- 
tween the said secondary or the prime vertical and the ecliptic is called the VALANA 
or variation (of the ecliptic), And as it is very difficult to find this arc at once, it 
is divided into two parts of which the one ia that portion of the great circle (90° 
from the place of the body) which is intercepted between tho Prime vertical and 
the Equinoctial and the other is that portion of the aame circle which is intercepted 
betweon the Equinoctial and the ocliptio; these two portions are called the AksHa 
YALANA and the AvaNa-VALaNa respectively, The Axsma VALANA is called the 
north or south according as the Equinoctial circle meets the great circle (90° from 
the place of the body) on the north or south of the prime vertical eastward of the 
body ; and it is evilent from this that on the northern latitudes when the body 
is in the eastern or western hemisphore the Axsia YalANA will be the north or 
south postiri, And the ÁYANA-VALANA is called the north or south accord- 
ing as tho ecliptic mocts the suid great circle on the north or south of the 
Kquinoctinl to the east of the body, and hence it is evident that when the decli- 
nation of the body’s placo increased by 3 signa is north or south the AYANA- 
Vatawa will be tho north or south respectively. From tho eum of these VaLANas 
when thoy aro of the same namo or from the difference botween them when of 
contrary names the arc which is intercepted between the prime vertical and the 
ecliptic is found and hence jt will be north or south according as the ecliptic 
meets the said great circle on the north or south of the primo vertical eastward 
of the body and it is sometimes callod the grasura or rectified VALANA, 

Let A be the place of the body; B GO 
L the great circle 94° from it; B A C the 
ecliptic; D E F tho Equinoctial; E the 
Equinoctial point; @ JI L the primo 
vertical; H the intersecting point of the 
primo vertical and the Kquinoctial, and 
rence the east or west point of the Hori- 
zon antl therefore G IT equivalent to the 
zenith distanco in the prime vertical. 

Then the aro @ D == tho Axsma 
VALANA, í 

D B = the AYANA-YALANA, 
aud @B= the grasura or rectified 
VALANA. 

These arcs can be found as follows, 

Let L = latitude of the place, 

«== the zenith distance in the prime + 
vertical, 

} = the longitude of the body, c F 

e = tho obliquity of the ecliptic, 

d = the declination of the body, 

æ == the Agsma VALANA, 
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e 
tho given time from the midday of tho body); and by the 
quotient divide the Moon’s latitude, diamoter &o, i n minutes ; 
the results are the digits contained in the latitude &c. 


(End of the fourth Chapter.) 


y == the ÄYANA-VALANA, 
and z = tho rectified vanana, 
Then in the spherical triangle D H Q 
samODU: sinD TO=snGH;: snGD; 
hore, # G D H = sin B D E = cos d, 
sin D H G = sin L; 
and sin G H = sin 9, 
*, cosd: sin L = sin s: sin g, 
sin L, sin s 
., Bing or the sine of the XKSHA VATANA = — in which tho Radius 
is used for cos d in the text cos d 


This VaLANA is called north or south according as the point D be north or 
south of tho point G. : 
And in the triangle D BB i 
sin B D E; sin B ED = sin B E ; sin D B, 
or cos d: ein e = cos Ì ; sin y 


sine X coal 
“Bin yor tho sine of the YANA YALANA = ———— in which the 
cos d 
Radius is used for cos d in the toxt, 

This vatawa is called north or south ; according as the point B bo north or 
south of the point D, 

And the rectified vatawa @ B =G D + D B, when the point D lirs between 
tho points Œ and B, but if tho point D be beyond them, the rectified yALANA 
will be equal to the difference between the Aksha and Ayana vaLanas, This 
also is called north or south as tho point B bo north or south of the point G, 

To mark the sino of tho sPAsutA Vatana in tho projection of tho celipso it is 
reduced to the circle whose radius is 49 digita in the toxt, 

io Bssin s = 49 ; reduced sine of the vALANA: 


49vinz  49sine sing © 
»*, Teduced sine of the VALANA == ————~ == peat 


Ro 38D 
This reduced sine in digits is donominatod the VaLaxd in the text, B,D, 
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CHAPTER V. 
On the Eclipses of the Sun. 


Whero tho parallax in le Thore is no parallax in longi- 
longitudeand that in latitudo tudo of the Sun when his placo cquals 
i a the place of the nonagesimal. Aud 
when the (north) latitudo (of the place) and the north declina- 
tion of the nonagesimal aro cqual to cach other (i.e. when the 
nonagesimal coincides with the zenith) there will be ro paral- 
lax in latitude. 

2. Now I will explain tho rules for finding tho parallax 
in latitude which takes place when tho connection of the placo 
and timo is different from that which is mentioncd (in tho 
precoding S'toxA,) and tho parallax in longitude which arises 
when the Sun is east or west (of tho nonagesimal), 

To find the sine $f ampli $- At tho end of tho time of con- 
tude of the horoscope. junction (from sunrise) in GHATIKAS 
find the place of the horoscope through the rising periods at a 
given place (and apply it with the amount of tho precession of 
the equinoxes.) Its sine multiplied by tho sine of greatest 
declination (or sin 24°) and divided by the cosine of latitude 
gives a quantity called the upaya (or the sino of amplitude of 
the horoscope). 

To find the sino of the 4. ‘Then find the place of the cul- 
Pa pou the oalip. minating point of the ecliptic through 
tic, the rising periods at the equator os 
: mentioned beforo, and find the sum of the declination of the 
culminating point and the latitude of the place when they aro 
of the same namo, otherwiso fiud tho difference between them. 

5. The result (thus found) is the zenith-distance of tho 
culminating point of the ecliptic. Tho sine of this zenith- 
distance is called the Mapayasy or the middle sine. 

aT oe ee oe Multiply tho Mapnyasya by the 
sine of the senith-distanoo UDAYA (sbove found,) divide the pro- 
lo ee duct by tho radius and square tho 
quoticnt, i 
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6. Subtract the square from the Mapuyasya: the squarc- 
rvot of the remainder is (* nearly equal to) the DRIKSHEPA or 
the sine of the zonith-distance of the nouagesimal (or tho 
sino of the latitude of the zenith). The square-root of the 
difference between the squares of the pRiksuzPa and the radius 
is tho S‘anxu or the sino of the altitude of the nonagesimal, 
his sine is callod the DRIGGATI, ` 

7. (Or) tho sine and cosine of tho 
zenith-distance (of the culminating 
point of the Ecliptic,) aro the rough DayxsHera and pejaaani 
(respectively.) 


Otherwige. 


To find tho Moon's paral- Dividing the square of the sino of 
ui ia engdi ia His one sign (or 30°) by the prjaaari 
""" + (aboyo found,) the quantity obtained 

is called the vnmepa or the divisor. 

8. The sine of tho difference betweon tho place of tho Suu 
aud the nonagesimal divided by the cunena gives the Moon’s 
parallax in longitude from the Sun reduced to (sfévana) Gira- 
mixas, whether the Sun bo cast or wost (of the nonagesimal.t) 


* For, the square-root of the remainder multiplied by the radius and divided 
by tho cosine of the ecliptical part intercepted between the nonagesimal and the 
culninating point beoons the oxact DuyksuErA or tho sino of the latitude of 
the Zenith. B. D, 

t All Hindu astronomers suppose that every planot daily traverses 12000 
YOJANAS nearly in its orbit and as tho part of a planet's orbit intercepted botween 
tho sensible and rational horizon is equal to the earth's semi-diameter (or 800 
xoOuaNas Which = yh th of 12000) thorefore, the extreme or horizontal parallax 
of a planet is thought to be equal to yy part of its diurnal motion : thus the 
Moon's horizontal parallax is 62’ 42” nearly and the Sun's 3’ .. 66” and honce the 
horizontal parallax of the Moon from the Sun is = (52’.. 42") — (3’..56") » 
= 48’ ..46", And four Guaprxds in which tho Moon describes 48’ ..46” from 
the Sun is the horizontal parallax in time. 

Now, let 
1 = the latitude of a planet (tho Sun or Moon), 
d = the differenco betweon the places of tho planot and the nonagesimal, 
@ = tho altitude of the nonagesimal, 
p = the horizontal ater 


æ = the parallax in longitude, 
y = tho parallax in latitude. , 
Thien we have the cquation, 
sin a. sin (d + 2) 
2= — 
R. cos. (7 & y) 


which is common in astronomy. 
H 


30 Translation of the ° 


tPo'find the acourdte paral- 9. Subtract the parallax in time 
lax, and the‘apparent time (just found) from the end of the true 
ae anaes time of conjunction if the place of the 
Sun be beyond that of the nonagesimal; but if it be within, 
add tho parallax. At this applied time of conjunction find 
again tho parallax in time and with, it apply the end of 
the true time of conjunction and repeat the same process of 
calculation until you havo the same parallax and the applied 
time of conjunction in every repetition. (The paralléx lastly 
found is the exact parallax in time and the time of the conjunc. 
tion is the middle of the solar eclipse.) 

To find the Moon's paral 10. Multiply the peyxsnera (or tho 
lax in latitude from theSun, sing of tho xenith-distance of tho 
nonagesimal) by tho mean diurnal motion of the Moon from 
the Sun, and divide the product by fifteen times ihe radius: 
the quotient is the parallax in latitude of the Moon from tho 
Sun, 

11. Dividing the pryxsaera by 70, 
tho quotient is the same amount of 
parallax (found in the preceding Stoxka) or multiplying tho 
DRIKSHEPA by 77 and dividing by the radius (i. e. 8488), the 
quotient is the same, 

To find the apparent latie 12. The amount of the parallax in 
pane of tha Monn, latitudo (just found) is south or north 
according as the nonagesimal is south or north (of the zenith). 
_ Add this amount to the Moon’s latitude if they are of the same 


Otherwise. 


In this, if we take fur convenience’s sake sind for sin (2 -+ 2) and R. for 
cos (2 + y) on account of the mpg! of æ, y and 2 in au eclipse, then we have 
sin a. sin 


R? 

Now, it is evident that if p be assumed, the horizontal parallax of the Moon 
from the Sun in time (or p = 4 Guapixds) r will be the Moon's parallax in 
longitude from the Sun, and thon ‘ 

4 sin asin d sin d sin d 
Re ($R?) chhods. B. D. 


g =p 


— 
3 = 
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name, but if of contrary names, subtract it, (The result is 
the apparent latitude of the M oon). 

13, (In the solar eclipse) tlfrough the maie latitudo of 
tho Moon (just, found) find tho STHITYARDHA* MARDARDIA 
magnitude of the cclipse &c. as mentioned before : the VALAN, 
the eclipsed portion of the disc at any assigned tinjo &e, 
aro found by the rulo montioncd in the Chapter on tho Ihpar 
eclipee 

To find the apparent grat: 14, 15, 16 and 17. Find the pa- 
qvakbias and Manvdnpuas rallaxes in longitude (converted into 
hielo er time) by ropeated calculation at the 
beginning of the eclipse found by subtracting tho first srurry- 
ARDHA (just found) from the time of conjunction, and at the 
end found by adding the second stuiryarpua, Ifthe Sun bo 
cast of the nonagesimal and tho parallax at the beginning be 
greater and that at the end be less than thé parallax at tho 
middle, or if the Sun bo west, and the parallax at the beginning 
be less and that at the end be greator than the parallax at the 
middle, add the difference botween the parallaxes at the begin- 
ning and the middle, or at the end and the middle to the first or 
the second sTuITYARDHA (abovo found) : otherwise subtract the 
difference. It is then when the Sun is east or wost of the 
nonagosimal at tho times both of the beginning and the middle 
or of the middle and tho end, otherwise add the sum of the 
parallaxes (at the time of the beginning and middle or of the 
end and the middle) to the first or the second sTHITYARDHA 
(Thus you have the apparont stuiryanpias and from these the: 
times of the boginning and the end of the eclipses of the Sun.) 

In tho same manner, find thé apparent MARDARDIAS (and the 
times of the beginning and end of tho total darkness in the 
total eclipses of the Sun). . 


End of the fifth Chapter. 


* This STHITYARDEA is called the mean srarryarpua in the solar eclipse. B. D, ; 
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CHAPTER VI. 
On the Projection of Solar and Lumar Eclipsen, 


1. Sinco the phases of the lunar 
‘and solar Eclipses cannot bo oxactly 
understood without their projection, I therefore explain the 
oxcellent knowledgo of tho projection. 

To describe the circle in 2. Having marked at first a point 
which tho valané is to be onthe floor levellod with water, de- 
gaii scribe, on tho point as centre with 49 


Objet, 
f 


digits as radius, a circle in which the varaxwá (as found in tho 
fourth Chapter) is to be marked. 

Other two circles conon- 8. (On the same centro,) describe 
ie Fiir tio fiak: a second circlo named tho samAsa with 
the radius equal to half tho sum of the diameters of that which 
is to be covered and that which is the coveror, and a third circle 
with the radius equal to the semi-diameter of that which is to 
be covered. 

The directions of the bee, £ (In these circles determine tho 
prang md Ser ee tho north and south, and tho cast and west 

lines* as mentioned before (in tho 3rd 
Chapter), 

In a lunar eclipso, the obscuration first begins to the enst 

and it ends to the west, (but) in a solar one tho reverse of this 

„takes placo. (Therefore in the projection of the lunar eclipse, the 
VALANA is to be marked as sino to the castern or western side 
of the outer circle above described according as it is found at 
the beginning or end of the eclipse, but in tho projection of 
the solar eclipse, the vaLANA found at tho beginning or the end 
of the eclipse is to be marked éo the wostern or eastorn side of 
the circle respectively.) ‘ 


* It is evident that these lines will re t the circle of position, and the 
« secondary to it passes through the body which is to be eclipsed. B. D. 
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To mark the vatayf in Š In almar eclipse mark tho 
tho first circle. VALANA (as directed in tha preceding 
S'LoKA) to the eastern side of the outer circlo from the cast and 
west line to its narth or south according as the VALANA is north 
or south, whon it is found at the boginning of the eclipse; but 
when it is found at the end of the eclipse, mark it to the Wost- 
crn side of the outer circle from tho east and wost lino A 
south or north according as the vALANA is north or south. And 
in a solat eclipse mark the VALANA inversely (i, o. mark it nt tho 
beginning or end of the eclipse to tho western or eastern side 
of the outer circle respectively in the same manner as mention- 

ed before). 
From the ond of tho vALANA (as 

To mark the latitudes . 
found at the beginning and drawn before) draw a lino to tho centre. 
Seep a . eclipse in tha From this line draw another lino (per- 
pendicular to the forther and) as tho 
sine in the circle called tho samasa, equal to the Moon’s latitude 
found at tho beginning or end of tho celipso, (to tho north or 
south of the former line according as tho latitudo is north or 
south), 

a 7. Again, draw a line from the end 
fi eplesine cal aril of the latitude (as drawn before) to 
eclipse in the disc of the the centre. Then the point, whore tho 
body which is to be covered, aii ras 

body which is to be covered begins to bo 
obscured or quits the obscuration, is the same where the line 
drawn before cuts the circle representing the disc of the body 
which is to be covered. ' 
To determine the diee 8 204 9. In tho projoction of 
iou of tho latitudes of the the sofar eclipse, the latitudes of the 
eee Moon are always designated by their 
normal name, but in the projection of tho lunar ono they are 
designated roversely. ‘ f 
To mark the varanfat And in the lunar projection to tlo 
the middle of the eclipse. northern or southern side of the outer 
circle above described, according as the latitude of the Moon 


fed 
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found'at the middle of the eclipse is considered north or south, 
mark the VATANA detormined at the middle of the oclipse from 
theenorth and south line to its cast, when the vALANA and the 
latitude are of tho samo name; but when they are of diffcront 
names, mark the vALANX to the wost of the north and seuth 
line. * And in the solar projection the reverse of this takes 
plage, l 

To find tho magnitudeof 10. From the end of the VALANA 
eect (just markod) draw a line to the centre. 
On this lino mark tho latitude (found at tho middle of the 
Cclipse) from the centre towards (the end of) the VALANA. 

11. With the end of tho latitude (just marked) as acentre, 
and the radius equal to the semi-diameter of the coveror, de- 
scribo a circle. The part of the third circle (as described before 
with tho radius equal to the semi-diamoter of that which is to 
be eclipsed) cofitained in the circle above described will bo 
eclipsed. 

12. In tho projection (of the lunar or solar eclipse) de- 
scribed on tho floor or board, reverse the positions of the points 
of the eastern and western halves of the horizon. 

The limit of the magnis, 19. To tho 12th partof the Moon’s 
tudo of the eclipaed portion disc the obscured portion is invisible 
lar or lunar eclipse. on account of the brightness of tho 
Moon’s disc; and owing to the dazzling flash of tho Sun’s 
disc ite eclipsed part when not excecding 3 minutes, is not 
visible. : 

To find the path of the 14, 15 and 16, Call tho points 
coveror. at the ends of tho latitude (found at 
the beginning, middle and the end) (as marked before,) the 
first, the middlo, and the last points respectively, describe tho 
tis between the first and middle points and the middle and 
the last and draw two lines through these two Tis; with the 
intersecting point of these two lines as a centre, describe such 
an arc as will pass through the three points. This are will be 


' the path of the coveror through which it will move. 


t 
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To project a givon eclipsed 17, 18 and 19. [When you want 
portion. to project the cclipsed portion, the 
magnitude of which is given at tho time before or after*the 
middle of the eclipse] subtract the given portion (in digits) 
as found before from half the sum of the coveror and that 
which is to be covered. From the centre (of the three qircles 
as described before) draw a line equal to the remainder ki 
the direction of the beginning or end of the cclipso according as 
the givén time is before or after the middle, in such a manner 
that the end of that line may be on the path of the coveror: 
then with the end of that linc as a centre, at tho distanco equal 
to the semi-diameter of the coveror, describe a circle: then that 
portion of the third circle which falls within the circle (abovo 
described) willbe obscured. , - 

To find the direction of 20 and 21. From the centre of tho 
the beginning of total dark- three circles, towards ‘the direction of 
ga ae the beginning of tho eclipse, draw a 
line equal to half the ditferenco between the diameters (of tho , 
coveror and that which is to be covered) in such a manner that 
its end fall on the coveror’s path. About the end of that lino 
describe a circle with an extent equal to tho scmi-diameter of ° 
the coveror. Then you will find the direction of the beginning 
of total darkness where the third circle touches internally tho 
circle above described. ‘ 

To find the dircction of 22. Tn the same way draw the said 
the end of the total dark- ine towards the end of the eclipse and 
i describo a circle as above. Then you’ 
will find the direction of the end of total darkncss just as 
mentioned before. , 

The colour of the eclipsed 23. When the eclipsed portion of 
portion of the Moon. the Moon’s disc is less than the half, it 
appears of a smoky colour, when it is greater than the half, it 
appears of a black colour: and whon the Moon’s eclipsed 
portion is greater than {ths of the whole it appears of a dusky , 
copper hue, and in a total eclipse it appcars of a tawny hue, 
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2-4, (O Maya) this science, secret 
even to the Gods, is not to be given 
to any badly but to the well-cxamined pupil who has attended 
one whole year. , e 


End of tho sixth Chapter. i 


This sa is very secret, 
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CHAPTER VII. 
On the conjunction of the planets, 


1, The conjunction of the five mi- 
nor planets is considered their tight 
or association with each other (according to their light and 
position as will bo explained afterwards) ; but their conjunction 
with tho Moon, is considered their association with her and 
with the Sun is their AsTAMANA disappearance. 

To find whether the timo 2. Tho conjunction of two planets, 
of coujunction is past or both moving castward, is past when 
ee . the place of the quick moving planet 
is beyond that of tho slow-moving one, othorwiso (i. e, when 
the place of the quick-moving planet is within that of the 
slow-moving) their conjunction is future. But when both 
the plancts have retrograde motions, tho reverse of this takes 
place. 

8. When, of the two planots, (only) one is moving caat-, 
ward and its placo is beyond that of the othor (which move 
to tho west) their conjunction'is past: but when tho place 
of the rotrogrado is beyond that of the other (i. e. tho cast- 
moving) the conjunction is future. 

To find the time of cone (When you want to know tho cxact 
junction from a given time. tine of conjunction of two planets, 


Kinds of conjunction. 


_find thoir true placos at any given time near the time of con- 


junction :) (thon) multiply the diferenco in minutos betwoon 
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the places (above found) by the diurnal motions of the plants ` 
in minutes (separately), 

4, And divide the two prodicts by the difference between 
tho diurnal motions, when the motions of the planets are both 
direct or both retrograde; but when of the plancts one is 
retrograde, divide the, two products (above found) by the sum 
of the ‘diurnal motions: (the results aro the changes of Nie 
planets.) 

5. From tho places of those two planets (fonnd at the given 
timo) subtract their changes when the conjunction is past, but 
when it is faturo add the changes to the places. (This rule 
applies when the planets move castward,) but when they retro- 
grade, the reverse of this takes place. When one of the two 
planets is retrograde, add or subtract its change to or from ita 
place (according as the conjunction is past or fature). 

6. Thus the places of tho planets on the *cliptic applied 
with thoir changes become equal (to cach other): divido the 
difference between the places of the planets (found at tho given 
time) by the divisor which is taken beforo in finding their 
changos, the quotient will be the interval in days, Gratixas &c 
(between tho given time and the timo of conjunction). 

7. Having found tho lengths of the day and night of the 
places of the plancts (found at the time of conjunction) and 
their latitudes in minutes, (determine for that timo), the time* 
from noon (i. e. from tho time when tho planct’s place comes 
to the meridian) and that from rising or setting of tho place 

f each of tho two plancts with the horoscope (at that time - 
according as the planet’s place is cast or west of the meridian 


of tho place). : l 
The correction called the 8. Multiply tho latitude of the 
RANA AIRES planet by the equinoctial shadow and 


divide the product by 12; the quantity obtained being ‘multi- 
plied by the time in GuatiKAs from noon of the planet’s place 


* Tho time can bo found by the Rule mentioned in S'Loxa 49th of the Srd 
Chapter. B. D. a 
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and divided by, half the length of the day of tho planet’s place 
(as: founds before), gives the correction called the AksHA DRIK- 
KARMA. 

9. Subtract the correction from the planet’s placo when it 
is cast of the meridian, and add when it is west: this holds 
whep the latitude of the planet is north, but when it is sonth 
wa the correction to the planet’s placo when it is east of the 
moridian and subtract when it is west. 

The correction called the 10. Add 3 signs to the planet’s 
KYANA DRIEKARMA.* placo and find the declination from the 
sum. Then the number of minutes contained in the planet’s 
latitude multiplied by the number of degrecs contained in the 
declination (above found) gives the correction in seconds (called 
tho Ayana pryxKarma). Add or subtract this correction (to or 
from the place of tho planet) according as the declination 
(above found) fnd the planct’s latitude ore of the same nume 
or of different names. 

Thess ot the peice: 11. In finding the times of con- 
Ma in finding the conjunc- junctions of the stars and planets and 
tions &c. oe : ; 

those of rising and setting of the 
planets and in finding the phases of the Moon, this DRIKKARMA 
correction must be appliod (to the place of the planet) at first. 

To find the distance of 12. (Thus apply the two portions 
two planets in the samo cir- of the PRIKKARMA correction above 
cle‘of position. 

found, to the equal places of the two 
planets as found in 6th s'toxa of this Chapter, and from these 


‘ places applied, find the apparent time of conjunction by the 


Rule as mentioned in the sLoxas 2ud to 6th: and repeat tho 
operation until you get tho time at which the places of the two 


* DpyxxakMa is the correction requisite to be applicd to the place of a pla- 
net, for finding the point of the ecliptic on the circle of position which passes 
through the planet. This correction is to be applied to the place of the planet 
by means of its two portions, one called the AYANA DRIKKARMA and the other 
the AKHA DRJKKARMA, The place of a planet with tho AYANA DR|KKARMA 
applied, gives the point of the ecliptio on the hour circle which passes through 
the plaviet: and this corrected place of the planet again, with the ESHA DRIK- 
XARMA Qpplied, gives the par of the ecliptic on the circle of position which 
passes through the planet. B,D, 
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planets with the two portions of the DRIKKARMA applied become 
equal to each other. This time is the exact apparent time of 
conjunction of those two planets.) Find again the places of 
the planets (at the time of their exact apparent time) and their 
latitudes from them: then find the difference between the lati- 
tudes when thoy are of the same name and the sum when they 
are of different names; the result will be the north and sòwth 
distance (betwoen those two planets at that time). 

Tho apparent diamotorsof 13. Tho diameters of Mars, Sa- 
blio planota 1 minutos: turn, Mercury, Jupiter and Venus re- 
duced to the Moon’s orbit are 30, 37}, 45, 524 & 60 (yojanas 
respectively). 

14. These diameters multiplied by 2 and tho radius and 
divided by the sum of tho radius and the hypothonuso found 
in tho fourth operation (as mentioned in the 2nd Chapter) 
become their rectified diameters. Divide these*rectified diame- 
ters by 15, the quotients are the minutes contained in the ap- 
paront diametors of the planets. 

15. On the levelled floor (placo a 
gnomon &) mark the shadow (found 
at any assigned time from the bottom of the gnomon) to the 
opposite side of the planet: then show the planct in tho 
mirror placed at the end of tho shadow (just marked): the 
planet will be seen in the direction passing through the end of 
the shadow and the reflocted ond of the gnomon. 

16. (When, at the time of conjunction of two planots, they 


Observation of tho planets, 


will be above the horizon) erect two styles, five cubits long, + 


one cubit buried in the ground, in the north and south line, 
at the distance equal to that of the two planets (as found in 
the 12th s'Loxa of this Chapter, (reducod to digits by the Rule 
as mentioned in s‘Loxa 26th of the 4th Chapter). 

17. Mark the shadows from the bottoms of the styles (as 
mentioned in s’toxa 15th) and draw lines from the ends of 
the shadows to those of the styles: then the astronomer may 
show the planets in the lines (above drawn). 

H 2 
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18, (Thus) the planets will be seen in the heaven at the 
ends of the styles. 

fhe fight and association © In the conjunction of any two minor 
of the planets. ; planeta, there is their fight called the 
Uniexkaa (paring) when their discs only touch cach other: but 
whey the discs cross each other, the fight is called the Buepa 
(haking). 

19. When in the conjunction, the rays of the two planets 
mix with each other, it is their fight, called the aws'uvi- 
MARDA (the mixture of the rays). 

When in the conjunction of the two planets, their distance 
(found in s'zoxa 12th) is less than one degree, it is their 
fight called the arasavya (tho contrary) if one of the two 
planets be smaller; (otherwise the fight is not distinct). 

20. (In the conjunction) when the distance of the plancts 
is greater tha one degrce, it is their association, if the 
discs of the planets are both large and bright ; ame the 
association is indistinct). 

Which planet is conquer In the fight called arasavya that 
ed in the Kit planet is conquered which is obscure, 
small and gloomy. 

21. And that planet is overcome which is rough, dis- 
coloured or south (of the other). 

And that is the conqueror of which 
the disc is the brighter and larger, 
whether it be north or south (of the other). 

Kinds of fight, 22. If (in the conjunction) the 

planets both be very near to each 
other and bright, then their fight is called the samiaama: If 
both the planets be small or overpowered, thon the fight is 
called the Kópa or vicrana (respectively), 

28. (In the fight of Venns with any other minor planet,) 
Venus is usually the conqueror whether sho bo north or south 

(of the other), 


Which is the conqueror, 
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Find tho time of conjunction of the moon with any of the 
minor planets in the same way as mentioned before., 

24. This (i. e. the association and fight of the planets} is 
(ouly) imaginary, intended to forctel the good and ovil fortune 
people, since the planets being distant from cach other movo 
in their own (separate) orbits. l 

End of the Seventh Chaptor called tho Geanayun ortho 
planetary conjunctions. : 


CHAPTER VIII. 


On the conjunction of the plancts with the Sture, 


To find the longitudes of l I declaro tho number of the 
e principal -stars of tho - minutes contained in tho Brogas* of 
saa (all) the Asterisms (As‘winf, Buranant, 
&c. oxcept the Urrardsuapux, Anmurr, S’ravana and Dua- 


* Dividing the number of minutes contained in the longitudo of the principal 
star of an Asterism by 800 and dividing the remainder by 10, the quotiout 
obtained is here called the Boga of the Asters. B. D. 

Note on V 2 to 9. For convenience’ sake the longitudes of the principal stars 
of the four Asterisms UTTARÁSHÁDHÁ, ABHIJIT, S‘pavaya and DHANISHTHA , 
only are given and the Bogas of the others from which the longitudes of the 
remaining principal stars can easily be found by the rule mentioned in lst 
S‘Loxa, are given, 

The longitudes and latitudes of thesstars mentioned here are the apparent 
ones. The apparent longitude of a star is the distance from the origin of the 
Ecliptio to the intersecting pu of this circle and the circle of declination 
passing through the star: and the apparent latitude of a star is tho sum or 
difference of its true declination and the declination of the intersecting point of 
the Ecliptic and the circle of latitude passing through the star, decoding as the 
suid declinations are of different nemes or of the same namo, 

The following table will oxhibit the names of tho Asterisms and of their 
principal stars as supposed to be meant, their apparent longitudos as will be 
found from their Daogas, and their apparent latitudo ; 
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nisutud). Multiply the Broca of cach Astorism by 10 and to 
tho product add the spaces of tho antecodent Asterisms (each 
of which contuins 800 minutes‘as mentioned in S‘Loxa 64th of 
the second Chapter), thy sum is the dongitudg (of the principal 
star of the asterism). 

The Booaas of the Aste- 2, (The number of minutes in the 
oar af Broaa of the Astorism called A‘swint 
isf 48, (of Buaran) 40, (of Krirriká) 65, (of Roaryf) 57, (of 
Mryoa) 58, (of Arneá) 4, (of Punanvasv) 78, (of Pusuya) 76, 
and (of As‘Lusitf) 14, 

3. (‘The Buoaa, in minutes, of Maat is) 54, (of Púrvá- 
PHÁLGUNÍ) 64, (of Urrard-ri{tounf) 50, (of Hasta) 60, (of 
Curr) 40, (of Swhrf) 74, (of Vis‘akud) 78, (and of Anuri- 
DHA) Ob. 


Aileen: *Yooa-Tinis or prin aries longi- Apparent latitudes 


cipal stars. 
8 o , o 
As’winí, a Arietis, 080 10 N. 
Bharani, Musca, 0 20 0 12 N. 
Krittiká, r Tauri, Pleiades, 1 7 30 5N , 
Rohini, a Tauri, Aldcharan, 1 19 30 5 ar 
Mriga, A Orionis, 2 3 10 8. 
Ardrá, a Orionis, 2 7 20 9 S. 
Punarvasu, B Geminorum, 3 3 6 N. 
Pushya, 8 Cancri, 3 16 0 N. 
As’leshé, a1 and 2 Canori, 8 19 7 8, 
Maghé, a Leonis, Regulus, 4 9 0 N. 
Puryá-phálguní è Leonis, 4 24 12 N. 
Uttará-phálguní, %8 Leonis, 5 6 13 N. 
Hast y or 8 Corvi, 5 20 ll 8. 
Chi a Virginis, Spica, 6 0 2 8. 
Swit, a Bootis; Arcturus, 6 19 87 N. ' 
' Vi'sákhá, @ OF x Libra, 7 8 1 3085. 
Anurfdhé, 8 Scorpionis, 7 14 8 8. 
Jyeshthé, a Scorpionis, Antares, 7 19 4 8. 
lila, v Scorpionis, . 8 1 9 8. 
Pirvishédhé, 8 Sagittarii, 8 14 5 30'S. 
Uttardshadha, qT Sagittarii, 8 20 5 8. 
Abhijit, a Lyri, 8 26 40’ 60 N. 
S’ravapa, a paue. 9 10 30 N. 
Dhanishthé, a Delphini, ° 9 20 36 N. 
8’atatérakd, A Aquarii, 10 20 O 308. 
Púrvábhádrapadá, a Pegasi, 10 26 24 N. 
Uttarábhádrapadá, a Andromedo, 11 3 26 N. 
Revati, ¢ Piscium, 11 29 6 00N.. 
B. D. 
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4. (The Broga, in minutes, of.Jyesnpud is) 14, (of Muna) 
6, and (of Púrvásnápuá) 4. The principal star of Urri {. 
sitvH is in the middle of the space of Pérvdst{pne (i. €. ‘the 
longitude of tho principal star of Urrarxsnipna is 8 signs and 
20 degrees). The principal star of Asuisir is at the end of 
the space of PGrvXsnanua (i. e. the longitude of the prin-ipal 
star of Anmitr is 8 signs, 26 degreos and 40 minutes) and (the 
principal star of) S’ravaya is situated at the end (of the space) 
of UrrarásmÁDirá (i. e. the longitude of the principal star of 
S‘ravaya is 9 signs and 10 degrees). 


5. Tho principal star of Duanisutnd is at the junction of 
the third and fourth quarters of the spaco of S’ravaya (i. e. tho 
longitude of the principal star of Duantisnput is 9 signs and 
20 degrees). (The.Bitoaa, in*minutes, of S'ATATARAKA is) 80 
(of Pérvxsadprarana) 36, (and of Urrarspuanrarana) 22, 

6to9. (The Broaa of Revarí is) 79. 


The latitudes of the principal stars of tho Asterisms As‘winf, 
&e, from the ends of their mean declinations are 10° N., 12° 
N., 5° N., 0° S., 10° S., 9° S., 6° N., 0°, 7° S, 6%, 12° N., 
13° N., 11° 8., 3° S., 37° N., 1°} S8., 8° B, 4° N., 9° 8, SS, 
o° N., 60° N., 30° N., 30° N., 4° 5., 2£ N., 26° N., and 0° re- 
kpectively. 

The longitudes and lati- 10, l1 and 12. The star AGASTYA 
Magee teat ca (or Canopus) is at the end of tho sign 
Brau taw“poaya. Gemini at a distanco of 80° south 
(from its corresponding point in the ecliptic, i. o. the longitudo ` 
of AaastYA is 90° and its latitude is 80° S.) and the star Mrfua- 
\yapHa or the Hunter (which is evidently Sirius) is situated 
in the 20th degree of the sign Gemini (i. e. its longitude is 
2 signs and 20 degrees) and its latitude from the end of its 
mean decliustion (from its corresponding point in tho ecliptic,) 
to the south is 40°, 


The stars called Aant (or £ Tauri) and Branmauemaya (or 
Capella) are in the 22nd degree of the sign Taurus (i. 0. the 


stars of the Asterisms, 
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longitude of both of them is.1 sign and 22°. , The latitudes of 
these two stars aro 8° and 30° N. respectively. 


Having framed a spherical instrament examine each of the 
(said) apparent latitudes and longitudes. 


Crossing the cart of Ro» 13. That planct.will cross the cart 
my (of the Asterism) Romyfí (i. e. tho 
placo of Rohini which is figured as a cart) which is placed at the 
17th degreo of tho sign Taurus and of which the south latitude 
is greater than 2°. 


To find the conjunction of Lt. (When you want to know tho 
a Pane enn ntar time of conjunction of a planet with a 
star) find tho lengths of the day and night of the star as you 
found those of a planet (in the preceding chapter): and apply 
tho AxsitA-pRIKKARMA (only) to the longitude of the star as men- 
tioned before ; then proceed just in tho same way as in finding 
them in planetary conjunctions : and find the days (past or futuro 
from the given time to that of conjunction of the planet with 
tho star) from the diurnal motion of the planot (only). 


T : 15. (At a given time), when the 
o know whether the timo . f 
of conjunction is past or longitudé of the planct (with tho two 
futuro, . . 
portions of the DryxKxarma applied) is 
less than that of the star (with the AxsHa-DeyxKaRMA applied) 
the conjunction is future: and when the longitude of tho pla- 
net is greater than that of.the star, the conjunction is past: 


, (this holds when the planet is direct) (but) whon it is retrogrado 


tho conjunction is contrariwise (i. c. when the longitude of the 
planet is less or greater than that of the star tho conjunction 
is past or future). 


Yooa-rhkeis or principal 16. The north star of (each of the 
Asterisms), PGRvAPHALGUNI, UTTARA- 
PHALGUNI, PÓRYÁ BHADRAPADA, UTTARA BHÁDRAPADA PÚRVA- 
SRÁDHA, UTTARASHADHA, VIsíKnÁ, As wnt and Merfaa is called 
its YOgA-TÁBA or the principal star. 
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17. Thestar which i is near to and west of the north-western 
star of the Asterism Hasra is its Yoda -TÁRA ; and tho wostom 
star of the Asterism Duanisuqua is its Vong ° ; 

18. The middle star of (cach of tho Asterisms) Jyesntnd, 
S‘ravaya, ANURADHA, and Pusnya is its Yoca-TxRX{: and tho 
southern star of each, of tho Asterisms Buaranf, Korrea, 
Maoni, and Revarí is its YOGA-TARA. 

19, The eastern star of cach of tho Asterisms Romyf, Pu- 
NARVASU, Muna, and As'resmÁ is its Yoca-rárÁ and ‘of tho 
remaining Astcrisms that is the Yooa-t4ri which is tho brightest 
(in cach Asterism). 

The longitude and latie 20. Tho star Prasdrati (Aurige) 
tude of the star Paazdratt. i, & deeroes to tho cast of tho star 
DBHRAHMA-1RIDAYA. Its longijudo is 1 sign and 27° and the 
latitude is 38° N. ` 

Of the stars Apám-vata 21. Tho star ÅPÁM-VATSA (b 1. 2. 

d Ape, 3) is situated in the Asterism Curtak 
five degreos north (of its principal star) (i. o. the longitude of , 
Arfuvarsa is equal to that of tho principal star of Currrd or 
180° : and its latitude is 8° N.). (And in tho same Asterism) tho 
star Ara (Virginis), somewhat larger than ArXm-varsa, is 
north of it at a distanco of 6° (i. o. tho longitude of Ara is 180° 
and the latitudo 9° N.) 

End of the eighth Chaptor on tho conjunction of tho pe 
with the stars. å 
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CHAPTER IX. 
On the heliacal rising and setting of the planets and stare. 


1, I now explain the heliacal rising and setting of the 
bodies (tho moon and other plancts and stars) which havo little 
light and (consequently) disappear on account of the brilliancy 
of tho sun (when he approaches them). 

I 
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The planets which set 2. Jupiter, Marg and Saturn sct 
horison andl rae hellseally heliacally in the western horizon wheu 
in thie eastern horizon. their ‘places aro beyond that of the 
sun: and they rise heliacally in the castern horizon when 
their places are within that of tho sun: and tho same thing 
takes place with respect to Venus and Mercury when they havo 
rgtrograde motion. 

Tho planets which riso in 3. Tho moon, whose motion is 
tho castern horizon and sot quicker than that of the sun, and 
in the western honzon. 

Mereury and Venus when they have 
quicker motion, set heliacally in tho castern horizon when their 
places are within the place of tho sun : and riso heliacally in the 
westorn horizon when their placcs are beyond it. 


To find tho timo at which 4,‘ (When you want to determine 
ae rises or agts helin- tho time of the heliacal rising or sct- 
ting of a planct), find (at any given 
day near to that timo) the truo places of the sun and the planct 
at tho sun’s setting, whon tho planct’s heliacal rising or setting 
is in the western horizon; (but) when it is in the eastern 
horizon, determino tho places at tho rising of the sun : then apply 
the DRIKKARMA correction to tho planct’s place (as mentioned 
in the seventh Chapter). 


&. (Whon the planct’s heliacal rising or setting is in the 


eastern horizon) find tho time in rrfyag, from the places (just 
found) of tho sun and tho planet (by tho rule mentioned in 
' S'toxa 49th Chaptor ITL.): (It will be the time from tho 
planet’s rising to the rising of the sun). But when the heliacal 
rising or setting of tho planct is in the western horizon, find 
the time, in PRANAS, from the places of the sun and the planot 
with 6 signs added: (Lt will be the time from the sotting of 
the planet to that of the sun). The time, in prdyas, (thus 
found) divided by 60 gives the KALans‘as, the degrecs of time 
(i. e. the time turned into degreos at the given rising or setting 
of the sun.) 
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6. (Tho degrees of time at which before the sun’s rising or 
after the sun’s setting a heavenly body rises or sets heliacally, 
aro called the KAi{ns‘as of that body). Thus the Ka.{ns’ag of 
Jupiter are 11, of Saturn 15 and of Mars 17. (i. o. when tho 
degrees of time found by the rule mentioned in S'toxa Sth aro 
11, 15 or 17 of Jupiter, Saturn or Mars respectively, the planet 
will rise or set heliacally), 

7. Venus sets heliacally in tho western horizon nnd rises 
in the castern horizon by its 8 degrees (of time) on account of 
tho greatness of its dise (when it has retrograde motion, but 
whon it has direct motion) and hence its disc becomey small, it 
sets holiacally in tho castern horizon and rises in tho western 
horizon by 10 degrees (of time). 

8. Thus Mercury rises or sets heliacally at tho distance of 
12 degrees of timo ftom the sun, whon it becomes retrogrado ; 
but when it is moving quick it rises or sets heliacally at tho 
distance of 14 degrecs, 

9, When (ata given timo) the Kíiíys'as (found from tho 
places of the plancts by tho rulo mentioned in 5th S‘roka) aro 
greater than tho planct’s own KaLáys’'as (just mentioned), the 
plancts become visible ; (but) when less, tho planets having their ° 
dises involved in the rays of the sun, become invisible on tho 
earth. 

10. Kind the differenco, in minutes, between the KATANS‘AB 
(i. c. Kanans’as found from the place of the planct at the given 
time, and those which aro the planet’s own as mentioned before) : 
and divido it by the difference between the diurnal motions* of 
the sun and the planot; the quantity obtained is the interval in 
days, (ghațikás) &c., between tho given time and that of the 
planct’s heliacal rising or setting. (‘This holds when tho planct ts 
direct; but) when it is retrogrado, take tho sum of the diurnal 
motions of tho sun and the planct for tho differencd of tho 
diurnal motions. , 


* Here motions should first bo turned into time (as directed in S'zoxa 1 1h, 
to make the dividend and divisor similar, B. D, 
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11. Tho diurnal motions of the sun and tho planet multi. | 
plied by tho numbers of Pedyas contained in tho rising periods 
of.tho signs occupied by the gun and the planct, and divided 
by 1,800, become the motions in time, From these motions 
(turned into time) find the time past or futuro in days, amagi- 
KÁs &c., from the given time to tho time of heliacal rising or 
setting of tho planet. 


12. Tho stars Swrf (Arcturus), Auastya (Canopus) Mgtoa- 
vyApna (Sirius), Carrera (Spica), Jyesutuf (Antares), PUNAR- 
vasu (8 Geminorum), Abhijit (a Lyra) ond Beanmannfpaya 
(Capella). riso or sct heliacally by 13 degrees of timo. 


13. Tho stars Hasta (8 Corvi), S'ravaya (a Aquilo) Púrva- 
rnáuauní (ô Leonis), Urrarx-ruaraoní (8 Leonis), Duasisutix 
(a Delphini), Ronryf (a Tauri), Maad (Regulus), Vis‘axu& (a 
Libre) and As'winf (a Arietis) riso (or sct) heliacally by 14 
dogrecs of timo. 

14. Tho stars Kgrrrixa (e Tauri, Pleiades), Anuranni (8 
Scorpionis), Móra (v Scorpionis), As'tesux (a 1 and 2 Cancri), 
Arprf (a Orionis) Pógvasaavua (8 Sagittarii) and Urrardsma- 
DHA (r Sagellarii) riso (or set) by 15 degrees of time, 

15. Tho stars Baarayf (Musca), Pusnya (8 Cancri) and 
Mgiaa (A Orionis), on account of their smallness, rise or set 
heliacally by 21 dogrpes of time: and tho cthors [i, e. S‘ara- 
TARAKÁ (à Aquarii), Pérva-suxprapapk (a Pegasi), UTTARA- 
BHADRAPADA (a Andromedæ), Revarı ( Piscium), Aanr (8 

. Tauri), Peasárari (8 Aurigw), Avduvatsa (b 1. 2. 3.) and Apa 
(8 Virginis)] rise and set by 17 degreos of time. 


- 16, The KAtdns‘as (of a platiot and those which aro found 

at a given time from the place pf tho planet) multiplied by 

1,800 and divided by the rising period of the sign which is 

occupied by the planet, give the degrees of the ecliptic. (Then 

in Stoxa 10th) take the degrees of the ocliptic for their 

corresponding degrees of time and from them find the time of 
“ heliacal rising or setting of tho planet, 
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17. The said stars riso heliacally in the eastern horizon and 
sot hicliacally in the western. Apply the AKs1mA-DRIKKARMA to 
their longitudos and (through’them) find tho days past or 
future from the given time to tho timo of ,heliacal rising, or 
setting of the stars from tho diurnal motion of tho sun only 
(by the rule mentioned i in 10th S'Loka). 

18, Thestars ABHIJIT (a Lyre), BRAHMA-HRIDAYA (Capella), 
Swárí (Arcturus), S’ravaya (a Aquilw), Duanisutint (a Del- 
phini) and UTTARÁ-BHADRAPADÁ (a Andromed) never disappear 
owing to the sun’s light on acconnt of tho greatness of their 
north latitudes (i. o. these stars having great north latitudes 
nover sot heliacally) in the northern hemisphere. 

End of tho ninth Chapter on tho holiacal rising and setting 
of the plancts and stars, 
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CHAPTER X. 


On the phasca of the Moon and the position 
of the Moon's cusps. 


1. Find the time also at which tho Moon will riso or sot 
heliacally in tho samo way as mentioned before, She becomes 
visible in ‘tho western horizon and invisiblo in tho castern 
horizon by 12 degrees of time. 

To find the time of daily 2. Find the true placos of tho Sun‘ 
setting of the Moon. and the Moon (at Sun-sct of that day of 
the light half of a lunar month at which you want to know 
the time of daily setting of the Moon) and apply the two por- 
tions of the pprxxanma to the moon’s place) ; from those places, 
with 6 signs added, find the time in peayas (just in the samo 
way) as mentioned beforo (in Sth S'Loka of the preceding 
Chapter). At theso rrayas after the sun-set, tho Moon will 
set (on that day). 
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To find tho time of daily 8. (But when you want to know 
rising of the Moon. the time of tho Mvon’s daily rising on 
a duy of tho dark half of a lunar month) find the truo places 
of the Sun and the Moon (at sun-set) and add 6 signs to the 
Sun’s placo (aid ‘apply tho two portions of the pRIKKARMA to 
the Moon’s place) ; from these places (i.-e. from the Sun’s 
place with 6 signs added and from tho Moou’s place with tho 
DRIKKARMA applicd) find the time in rrayas (in the same way 
as mentioned before in Sth S’toxa of tho preceding Chapter). 
At this time in pranas after sun-set the Moon will rise (on that 
day). 

To find tho phases of the e (When you want to know tho 
Moon. phaso of the moon on a day of the first 
quarter of a lunar month, find tho true declinations of tho Sun 
and tho Moon at sun-set or sun-riso of that day) find tho 
difference of thb sincs of the declinations (just found), when 
they aro of the samo namo, otherwiso find the sum: to this 
result (tho difference or tho sum) give tho namo of tho samo 
direction south or north at which the Moon is from tho Sun. 

5. Multiply tho result by the hypothonuso of the gnomonic 
shadow of the Moon (at tho same time as can be found by tho 
rule montiohed in the third Chapter): find tho difference 
botweon the product and twelve times the equinoctial shadow 
if tho result be north (but) if it be south find the sum of 
them. £ 

6. The amount (thus found) divided by tho sino of co-lati- 


‘ tudo of tho place, gives tho Buu or base (of a right angled 


triangle) : this is of the same namo of which tho amount is: 
and the sine of the altitude of the Moon is the Kopi (or perpen- 
dicular of the triangle). Tho square-root of tho sum of the 
squares of tho Basu and Kort is the hypothenuse (of tho 
triangle). ) ; 

7. Subtract the Sun’s placo from that of the Moon. The 
minutes contained in the remaindcr divided by 900 give tho 
illuminated part of the Moon: This part multiplied by the 


f 
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Moon’s disc (in minutos) and divided by 12 becomes the Senu- 
pa or rectified illuminated part. 

8. (Ona board or levelled flodr) having marked a jait ropre- 
senting tho Sun, slraw from that point a line equal to tho Bauru 
(above found) in tho samo direction in which the Banu is, and 
from the end of the Baru a lino (perpendicular to it) equal to tho 
Kort (as abovo found) to tho west, and draw the hypothenuso 
between the ond of the Kor and tho point (denoting tho 
Sun). 

9, About the point whero the Kopr and the hypothenuse 
meot, describe the disc of the Moon (found at tho given time). 
In this disc suppose the directions (cast, west &c.,) through 
the line of tho hypothenuse (i, o. in the dise suppose the cast 
where the line of the hypothenuse cuts the disc, tho west where 
the same line produced intersects it, and tho north and south 
where a line passing through tho contro of tho’dise and being 
perpendicular to the line of tho hypothenuso cuts the dise). 

10, Take a part of the hypothenuse within the disc from tho 
(latter) intersection of the disc and the ‘hypothcnuso equal to 
the (rectified) illuminated part: and between the cnd of that 
part and tho north and south points of the disc describo two ° 
TIMIS, 

ll. From the intersecting point of tho two lincs, drawn 
through the tits, describe the arc which will pass through tho 
three points (the end of tho illuminated part and tho north 
and south points of tho disc). The disc thus cut by tho arc 
will represent the form of the Moon as it will be scen on tho’ 
evening of the given day. 

12. Marking the dircctions in the disc through the Kopi 
(above drawn), show tho horn elevated at the end of the trans- 
verse line ; this figure will represent the phase of the Moon. 

13, In the dark half of the lunar month subtract tho place 
of the Sun with 6 signs added to it, from the Moon’s place, and 
from the remainder find the dark part of the Moon (in the 
samo way as you found the illuminated part in the 7th S’noxa) ; ° 
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(and in the diagram) chango tho direction of the Riau and 
show the dark portion of tho Moon in the west. 

End of tho tenth Chapter callod S‘ringonnat{ which treats of 
tho phases of the moon. ‘ 


AA. 
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CILAPTER XI. 


Oulled Parxpnikara which treats of the Rules for finding the 
time at which the declinations of the Sun and 
Moon become equal. 


1, It is called Varnuefra when tho 

Sun and Moon aro in the same AYANA 

(i e. when they aro both in tho asconding or descending 

! signs), the sum ‘of their longitudes equal to 12 signs (nearly) 
and their declinations equal. 

2. Itis called Vyarirara when tho 

Moon and the Sun aro in differont 

Avawas, tho sum of thoir longitudes equal to 6 signs (nearly) 
” and thoir doclinations equal. 

38. Tho Firo (named Pata) which arises from tho mixturo 
of the rays of the sun and the moon in equal quantities, boing 
burnt by the air called PRavana produces evil to mankind. 

4, Since the (said) Pata frequently destroys people at the 
time (when the declinations of tho Sun and Moon become equal) 

“it is callod Vyatfrara. It is also called Vamurfra. 

5, This Pérais of black colour and hard body, red oyed 
and gorbollied, destroyer of all peoplo and horrible: it happens 
frequently. 


VAIDERÍTA, 


"  VyáTíPÁTA, 


6. When the sum of tho places of 
To fnd time at which the 
true declinations of tho Sun tho Sun and Moon, applied with the 
and Moon bevome equal degrees of the precession of tho cqui- 
noxos as found by obsorvation, is 12 or 6 signs find their 
* declinations. 
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7. Now, if the Moon’s mean declination (i. e. the declina- 
tion of her corresponding point in t the ccliptic) with her latitude 
applied (i. e. her true declination) be greater than that of the 
Sun, whon tho Moon is in an odd (ist or 3rd) quarter of tho 
ecliptic, the P4ra (or the instant when the declinations of the 
Sun and Moon become equal) is past. 

8. And (if the Moon’s declination be) less, (the Pata is 
future. But when the place of the Moon is in an even i.o. 2nd 
or 4th) quarter (of the ecliptic) the reverse of this takes place 
(i. e. if the Moon’s truo declination be greater than that of tho 
Sun the Pata is future, and if less the Pata is past). 

When the Moon’s (mean) declination is subtracted from her 
latitudo (for her true declination chango the namo o of the 
Moon’s quarter. 

9. Maltiply the sines of the declinations (as found in tho 
Gth S'roxa) by tho radius and divide the produtts by the sine 
of the greatest declination (i. e. 24°): take tho arcs whose 
sines are equal to the quotients, and add the difference or half | 
tho differenco of the arcs to the Moon’s place when tho Pata 
ig future. (This result which is just applied to tho Moon’s 
placo is called the moon’s change). 

10. But when the Pata is past, subtract the Moon’s chauge 
from hor place. The Moon’s change multiplied hy the true daily 
motion of the Sun and divided by that of the Moon gives | ‘the 
Sun’s change: apply it to the Sun’s place as in the case of the 
Moon. 

11. Find the change of the Moon’s ascending node in the: 
same way (i. e. multiply the Moon’s change by the daily 
motion of the node and divide the product by the Moon’s true 
daily motion): apply this change inversely to the node’s place. 
Find the declinations of the Sun and the Moon again (from 
their places with their changes applicd) and apply the same 
process (mentioned in the preceding S’roxas) repeatedly until 
you get their declinations equal, 

K 
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To find when a Pára i 12. Tho Para ig that instant at 
pastor to be past, ` which the declinations (of the Sun and 
, the Moon) become equal, Now, according as the Moon’s truo 
placo found at the Pata by applying the Moon’s change (as 
mentioned before) i less or greater than that found at mid- 
night (of that day), the Para is bofore or after (tho mid-night.) 

To find the truo time of 13. The difference, in minutes, 
Mo Pata between the Moon’s true places found 
at the Pára and the mid-night, multiplied by 60 and divided 
by tho true daily motion of the Moon gives tho anapıxas 
betweon the Para and tho mid-night. (Then you will get the 
time of the Pata by adding or subtracting the amaqikas, just 
found, to or from the mid-night according as the Pata is past 
or future), 

To find half the duration l4. (Find the semi-diametors, in 
ot the TATAK AUA: minutes, of the Sun and the Moon by 
the Rule mentioned in the 4th Chapter.) Tho sum of tho 
semi-diameters of the Sun and the Moon multiplied by 60 and 
divided by the Moon’s trme daily motion from tho Sun gives 
half the duration of the Péta-xdta.* 

"To find the beginning, 15, The trno time of the Pata 
middle and endof the Pata. (fonnd in the 13th S'zoxa) is called 
the middle of the Pára: This time diminished by half the 
duration of the Pára, just found, gives the beginning of the 
Pára and increased by half the duration gives the end of tho 
Pára. 

16. The interval between the beginning and end of a P{ra 
is horrible; bemg in the form of burning fire, all rites aro 
prohibited during its continuano, 

17. As long as the distance of any 
point of the sun’s disc (from the equi- 
noctial) is equal to that of any point of the Moon’s disc, the 


Form of the PAta-rdua, 


# Tho PA'TA-RA'LA, or duration of the Pa'ra, is the time during which the 
declination of any point of the Sun's diso'snd that of any point in the Moon's 
ı ure cqual,—B, D- . 
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Pára-KÁLA lasts apd destroys the (happy results of) all rites 
(performed during that timo). j 

18. People get very great religious merits from shch 
(virtuous) acts as bathing, alms-giving, prayers, funeral cere- 
monies, religious obligations, burnt offermgs, &c. (performed 
in the Pdra-KALA), og well as from the knowledge of that 
time. $ 
19. Whon the (mean) declinations of tho Sun and tho Moon 
become equal, near the equinoctial points, the Pára of the two 
kinds (i. o, Vvatfrdva and Varpurfra) happens twice : contrari- 
wise (i. e. when the mean declinations become equal near the 
solstitial points, and the true declination of the Moon is less 
than that of the Sun) no PAra happens. 

Third Pita. 20, There becomes a third Pára 

called (also) Vvyatfpsta* when the 

minutes, contained in the sum of the places of tho Moon and 

the Sun, divided by the Buannoga (or 800) give a quotient 

which terminates in 17 (i. e. which is more than 16 and less 
than 17). 

21, The last quarters of the Nax- 
sHatrast As'LEsHA, dJyxsnri and” 
Revarf are called the BHasanpin (or junctions of NAKSHATRAS) 
and the first quarter of each of their following ones (i. e. 
Mauua, MGLa and As‘winf) is called the GANDANTA. 

22. During tho three frightful Vyarfeas, Gaypantas and 
Buasanpafs (just mentioned), all (joyful) acts are prohibited. 

23. (O Maya,) thus far havo I told you tho excellent, virtu- ° 
ous, useful secret and great knowledge of Astronomy, what 
more do you want to hear?: ° 

End of the 11th Chapter called Pérapmxara. 

End of the First Part of the Sdrya-sipDHANTA. | 


Gaypa’NTa and Brasaypnt, 


* This is the Yoga or the period of time in which the sum of the places of 
the Sun and the Moon increases by 800’. This Yooa is the 17th reckoned from 
VisnxaMena., Seo 65th S'Loxa of the second Cuartee.—B. D. 


t These are the periods 9th, 18th and 27th from As’winf; they are found , 


from the Moon’s placo by the Rule mentioned in the 64th S'Loxa of the 2nd 
Cuaprer.—B. D, 
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CHAPTER XII. 
On Cosmographical Matters. 


1. Now, Maya-asura joining the palms of his hands, saluted 

(his teacher) the man who partakes of the Sun’s nature, and 

worshipping him with his best respects asked this :— 
Question about the Earth. 2. (Tell me, O my) omnipotent 
(master,) What is the magnitudo of the 
Earth? what is its form? what supports it ? how is it divided ? 
and how are tho seven Pirita-pnduis or lower regions situated 
in it ? 
Question about the sun's 83. How does the Sun causo day 
revotutigi: and night? How does he, enlighten- 
«Ing (all) tho worlds, circumvolve the Earth ? 
l 4. Why are the day and night of 
of the (Gods) and Asuras mutually 
‘the reverse of each other (i, ©. why is it day to the Gods when 
it is night to the Asuras and vice versa) : and how is it that 
the (said) day and night is equal to the time in which the Sun 
completes one revolution ? 

5. By what reason docs the day and night of the Pirgis con- 
sists of a lunar month and that of man consists of 60 GHAȚIKÁS ? 
‘why are not the day and night of the same length every- 
where ? 

6. Why are not the rulers of the days, years, months and 
hours in the same order? how does the starry sphere with 
the planets revolve, and what is its support ? 

7. At what distances from the Earth are the orbits of the 
planets and stars arranged one above the other? what are the 
distances (between the consecutive) orbits? what are their 

` dimensions? and in what order are they situated ? 


Other questions. 
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8, (Why is it that) the Sun’s rays are vehement in summer 
and not so in winter: How far do the Sun’s rays reach ? How 
many MAwas (i. e. kinds of time as solar, lunar &c.) aro aei 
and what their use? à 

9. O you omnipotent, who are acquainted with tho fisi 
(present and future events) remove my doubts (by answering my 
questions): (as) no one except you is omniscient and remover 
(of doubts). 

10. Having heard the speech thus addressed by Mava with 
his best respects, the man (who partakes of the Sun’s nature) 
related to him the secret Second Part of tho work. 

11. O Maya, hear attentively the secret knowledge callod 
ÅDHYATMAN (or means of apprehension) which shall tell you: 
[have nothing which is not.to be given to those who aro 
exceedingly attached to me. 

The secret knowledgo call- 12. Tho Supremo Being i is called 
ed Anuyáruay, Vásupeva. Tho excellent soul (Puru- 
sma) partaking of the nature of VAsupEva is imporceptiblo, 
void of all properties, calm, the spirit or lifo of the universe 
and imperishable, 

13. (This) all-pervading Purusia called God SanKARSHANA 
entering nature made the water and put his influence in it. 

14, This (water with that influcnce) became a golden ogg 
involved in darkness: In this egg the eternal AnrruppuA first 
became manifest. 

15, This omnipotent ANIRUDDHA is called [:rayya-GaRBHA 
in the Vepas (by reason of his situation in the golden egg) : | 
He is called Aprrya from his first appearance and (also) Surya 
on account of the production (of the universe from him), 

16. This AyrguppHa named Strya and (also) Savitri is 
excellent light for the destruction of darkness. This maker of 
the three states (Urrarm birth or production, Strait: life or 
existence, and Sanafra death or destruction) of animate (and 
inanimate) things, illuminating the world (in the golden egg),— 

17, This self light AnreuppHa destroyer of darkness is 


— 


78 A Translation of the « 


denominated Maná (intelligence): The Ryg-vepa is his dise, 
Sima-vepa his rays, and Yasor-vepa his body. 

£8, ‘This omnipotent Antruppia consisting of the threo 
Venas is time itgelf, cause of time, all-pewvading, universal 
spirit, omnivagous and supreme soul and the whole universe 
dopends on him. 2 

19, Riding on the car of the universe to which are attached 
tho wheel of the year and tho horses of the seven metres, this 
ANIRUDDHA revolves at all times. 

20. Three-fourths of AntruppHa are hid in the heavens and 
one (fourth) is this manifest universe. That able ANIRUDDHA 
generated BranmA consciousness (AHANKARA) fur the creation 
of the universe. 

21. Now having bestowed the excellent Venas on Braumf 
the grandfather of all people and placed him in the middle of 
the golden egg, Anizuppua himself revolves and illuminates 
the universe. 

22, Then Branmé bearing the form of consciousness thought 
of creation. ‘Tho Moon sprung from (his) mind, and the Sun, 
a treasure of lights, from (his) eycs. 

23. From Brauma’s mind sprung cther, from ether air, 
(from air) fire, (from fire) water, (and from water) carth succes- 
sively, Thus tho five primary elements were produced by the 
gnperposition of quality.* 

24, Tha Sun and Moon are respectively of the nature of fire 
and water, and the five (minor planets) Mars and others (i. e. 


' Mars, Mercury, Jupiter, Venus, and Saturn) sprung severally 


from firo, earth, ether, water, and air, 

25. Again Brama, of subdued passions, divided a circle, 
invented by himself, into 12 parts, naming it the Ras'l-vairta, 
and the same circle into 27 parts naming it the NAKSHATRA- 
VRITTA. i ; 


Having produced ether with the quality of sound, air was formed by 
adding to ether tho quality of touch; fire Sy adding to air the quality of form, 
water by adding to firo the quality of tasto, and earth by adding to water the 
quality of smell, —B. D. 


t 
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26. ‘Now having created things of different natures by 
compounding in various proportions the best, middling, and 
worst qualities (i. o. principles of truth, passion, and darkness) 
Brana& made the, universo containing Gods pnd animate and 
inanimate things. 


27 and 28, Having created (Gods and animate and inani- 
mate things) successively according to their qualitics and 
actions, the able Brana arranged the planets, asterisms, stars, 
the earth, worlds, Gods, Demons, men, ‘and Sippuas, regularly 
at proper places and times in the way mentioned in the Venas. 

29, This Branmanpa (the golden egg sacred to Beanms) 
is hollow: in this (the worlds) Bur, Brovar &c., are situated. 


lt is like a samputa (a casket) formed by two kaqanas (frying - 


vessels joined mouth to mouth) and of a spherical shape. 


EE EE ike 30 and 31. The ciyeumference of 
stars and planets situated the middlo of the Braumanya is called 
peer Vyomaxaxsui (the orbit of heaven). 
In it (i. c. Branadnpa) all tho stars revolve. Beneath thom 
Saturn, Jupiter, Mars, the Sun, Venus, Mercury and the Moon 


revolve ono below the other, beneath them the Sippma, the » 


Vipydpitara and clouds are situated. 


Answers to the questions 82. Tho terrestrial globo, posses- 
alafon dad ieee: sing Braumd’s most excellent power of 
steadiness, remains in space at the centre of the BraumAnpa 
(which is) all around. 


33. The seven Pfrdta Buturs or infernal regions formod ' 


by the concave strata of the earth are very beautiful, being 
inhabited by Nicas (serpents) aad Asuras (demons) and having 
the liquors of the divino plants (which shine by their own 
light). 

34. The golden mountain Menu, 
containing heaps of various precious 
stones, passes through the middle of the terrestrial globe (as 
an axis projecting on both sides at the poles). 


The position of MERU. 
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The inhahitants of the 85. The Gods with InpRa and tho 

a vat she Msrv i o, of the great holy sages inhabit the top of the 

Ment (i. o. the north pole) while thu 

Asuras are at the bottom (i. o. the south pole). They (i. e. 
tho Gods and Asuras) hate each other. 

Situation of tho great 36. The great. Ocean (the Ocean 
Oca, of salt water) encircles tho Meru ; it 
is like a girdle (or Zone) to tho carth and‘scparates the ro- 
gions of the Gods and the Asuras (i. e. it is at the Equator 
and divides the terrestrial globe into two hemispheres: tho 
north is sacred to the Gods and the south to the Asuras). 

The four cities placed at 37. Around the middle of tho 
et el Merv in tho dircctions of the cast &e. 
and at equal distances in the ocean are tho four citics made 
by the Gods in the different Dwfras. 

38. To tho'cast of tho Meru (i. e. north pole) at a fourth 
part of the Earth’s circumference in the Buaprdy'wa VARSHA 
(a division of a continent) is the city called Yama-Ko71 having 
golden ramparts and arched gateways. 

39. So to tho south in the Buirata-vansua there is tho 
great city called lank: to tho west in the KETUMÁLA-VARSHA 
thero is the city called Romaxa. 

40. To the north in the Korvu-varsna thoro is tho city 
called Sf{ppia-rurf (or Sippua-runa). Liberal and devout 
men being free from pain inhabit that (city). 

41, These (four citics) are situated at a distance equal to 
the fourth part of the Earth’s circumference from each other : 
(and) the Merv sacred to the Gods is north of them at tho 
same distance. 

There is no equinoctial 42. When the Sun is at the equi- 
shadow at thg equator, noctial, he passes through the zenith 
of these (cities) and thercfore, there is neither equinoctial 
shadow. nor elevation of the terrestrial axis at these cities. 

The position of the polar 43. On both sides of the Mrkv 
ia (i. e. the north and south poles of the 
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Earth) the two polar stars aro situated in the heaven at thoir 
zenith. These two stars aro in tho horizon of,tho citics 
situated on tho equinoctial regichs. À 

‘44. Ñinco thg polar stars aro in the horizon of the (said) 
citics, thero is no elevation of tho terrestrial axis (but) tho 
co-latitude is 90°; .so the latitude at tho Meno is 90°, 

Tho beginning of thoday 40. When the Sun is abovo tho 
to tho Gods and Asuras. regions of the Gods* (i. o. tho northern 
hemisphere) ho first appears to tho Gods at tho first point of 
Aries: but to the Asuras (he first appears) at tho first point 
of Libra, when the sun is going above tho regions of tho Asuras 
(i. o, the southern hemisphere). 

Answor to tho question in 46, Owing to this (the Sun’s go- 
ee ing northward and southward) the 
Sun’s rays aro vehoment in summer in the Gods’ regions and 
in winter in the Asuras’, Convorsely they aro Weak (in summer 
in tho Asuras’ regions and in winter in tho Gods’). 

47, The Gods and Asuras behold the Sun in the horizon 
at tho oquinoxes. The two periods in which the Sun is in tho 
northern and southern hemisphoros are mutually the day and 
night to the Gods and Asuras (i. o. when tho Sun is in tho ° 
northern hemisphore it is day to tho Gods and night to tho 
Asuras, and vico versa), 

48, Tho Sun at tho first point of Aries, risen to the inhabi- 
tant of the Meru (i. o. to the Gods) and passing tho three follow- 
ing sigus (i. e. Aries, Taurus and Gemini), completes tho first 
half of the day (of the Gods). 

49, So he (the Sun) passing (the threo signs) Cancer and 
others completes the second half of the dey. In tho samo 
manner (the Sun passing) tho three signs Libra, &c. and otber 
threo Capricorn, &c. (completes the first and second aera of 
tho day of the Asuras). 

Auswer to tho questions 50. Therefore their day and night 
in the 4th S’xoxa, aro mutually reverse, and the length of 

* Soe tho 36th S’xoxa of this Chapter. B. D. 
L 
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their Nycthemeron arises from the completjon of the Sun’s 
(one) revolution. 

51. Their mid-day and mid-night (happen) at tho time of 
tho solstices revensely (i. o. it is mid-day to the Gods when it is 
the mid-night to the Asuras, and vice versi): The Gods and 
the Asuras consider themselves each above the otker. 

52, The others likewise who are situated diametrically op- 
posed (at tho earth’s surface) as the inhabitants of the Brap- 
RAswa and Kerumaza (i. c. of Yamakotrand Rowaka) and those 
of Lanka and SippHaruga consider (themselves) one below tho 
other, 

53. Thus everywhere on (the surfaco of) tho terrestrial 
globo, people suppose their own place higher (than that of 
others): becauso this globe is jn spaco whero there is no 
abovo and below. 

54. All people aronnd their own place behold tho Earth, 
thongh globular, of the form of a circular plain, on account of 
tho smallnoss of their bodics. 

55. This starry sphero rovolvos 
horizontally (from right) to loft to the 
‘Gods and (from loft) to right to the Asuras: But at the 

equator (it) always (revolves) vertically (from east) to west. 

56, At the equator, thereforo, (the length of) the day is 
always of 30 amapıkas and the length of tho night is also tho 
samo: and at the regions of tho Gods and those of the Asuras 
(i. o. at the northern and the southern hemisphere) the day and 

‘night (except at the equinoxes) always increase and decrease 
rovorscly (i. o. at tho northern regions tho day increases and tho 
night decreases, while at the southern ones the day decreases 
and the night increases, and vico versi). 

57. When tho Sun is in the (northern) signg Aries &c. tho 
increase of the length of the day and the decrease of tho 
longth of thg night become more and more (until tho Sun 
arrives at the tropic of Cancer and then they become less and 
less) at tho regions of tho Gods: but at those of the Asuras 
the reverso of this takes placo. 


Parallol and Right spheres. 
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58. (But) when tho San is in tho (southern) signs Libra 
&e. the decrease and increase both of the day ‘and, night are 
the roversc. The knowledgo of this (increaso or decrease) at 
every day from (fhe cquinoctial shadow of) tho given placo 
and the Sun’s declination is described before (in tho Olst 
S'LoKa of the 2nd Chapter). 

59. Multiply the Earth’s circumferonce by tho number of 
degrees of the Sun’s declination (of a given day) and divido 
tho product by 360° (and tako the quotient). The Sun (at 
that day) passes through the zenith (of the place, north or 
south of the Equator according as the declination is north or 
south) at a distance in YOJANAS equal to the quotient (above 
found) from tho equator. 

Determination of the plaeo 60 and 61. In tho same manner 
where the day or night bo- find tho number of yosanas from the 
comes of 60 Guatixds, e 

Sun’s groatest declination and sub- 
tract the number from tho fourth part of the Barth's cir- 
cumference (and take tho remainder). Then (when the Sun 
ix) at a solstice, the day or night becomes of 60 anaqiKAs once 
(in a year) at the distanco im YOJANAs equal to tho remainder 
(above found) from the equator (i. 0. at the polar circles) in the 
regions of the Gods and the Asuras reversely (i. o. when the 
Sun is at his greatest distance from the equinoctial, the day 
becomes of 60 araqikas at tho polar circle in the northern he- 
misphere, while the night becomes of the samo length at the 
polar circle in the southern ono, and vice vers), 

62, (At places) between them (i. e. the equator and a polar 
circlo on cither sido of the equator) the day and night increase 
and decrease within the 60 cHagixAs. Beyond that (i. o. in tho 
polar regions) the starry sphcro revolves in an opposite manner 
(us rogards the north pole and the south). 

The positions where some 63. Find the yoyanas (as above) 
signs aro always invisible. fom tho declination which arises from 
the sine of two signs* and subtract the vosanas from the fourth 


© The sine of two signs (i. o, 60°) multiplied by tho sino of the os decline ' 


ation and divided by the Radius gives the sine of declination. B, 
L2 
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part of tho Earth’s circumference. At the distance equal to 
the remaining vosanas from the equator in tho regions of the 
Geda, the Sun, situated at ‘Sagittarius and Capricornus, is 
never seen. : l 

64. Butin the regions of the Asveas (at the same distance 
from the equator), (ho is never visible) when situated in Go- 
mini and Cancer. At that quarter of the Earth’s circumfer- 
ence in which tho Earth’s shadow is destroyed (i. e. never falls) 
tho Sun will bo seon. 

65 and 66. From the fourth part of tho Karth’s cireumfer- 
ence subtract the yosanas found from the declination of one 
sign (30°). At tho distance of the remaining YosANAs from 
tho equator, tho Sun never appears in tio regions of the Gods 
when ho is in Sagittarius, Capricornus, Scorpio and Aquarius: 
but in tho regions of tho Asuras (at the samo distance from 
the equator, hois never seen whon situated in the four signs 
Tanrus, &c. (i. o. Taurus, Gemini, Cancer, and Leo.). 

67. Tho Gods at the Mxrv behold the Sun constantly as 
long as ho is in (northern) six signs Aries, &c. so the Asuras 
as long as ho is in (the southern ones) Libra, &c. 

U8. At the distance of the fifteenth 
part of tho Earth’s circumferenco 
(from tho equator) in tho regions of tho Gods or the Asuras 
(i. o. at tho north or south torrostrial tropic) tho Sun passes 
through tho zenith when ho arrives at the north or south sols- 
titial point (respectively). 


© 


Terrestrial tropic, 


Determination of the 09+ (At places) between thom (i. e, 
direction of the gnomouio between tho equator and the tropics) 
shadow at noon, . 

tho gnemonic shadow may bo north or 
south at noon, Boyond this limit it falls towards the ends of 
tho Megu (i. e. the north and south poles) in tho northorn 
and southern hemisphero (respectiyely). 

Anawer to the question in. 70. The Sun when arrived at the 
the Sed S’x0K4, zenith of" Buaprás'wa (or Yamakoti) 
makes hig rising in Budratsa (or Lawka), mid-night in Kero- 

MALA (or Ramaxa) and setting in Kuru (or Sipvarura). 
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71. In the same manner, (the Sun) revolving from cast to 
west, (when he reaches tho zenith of Bit{rara or Lang.) makes 
the mid-day, rising, mid-night and setting in tho varsias, Bix. 
rata and others, j. e. Burana, Kerumdis, Kuru and Bua- 
prfs'wa respcctively). 

, 72. To ono who is going to tho 
end of tho Meru (i. o. to tho north 
or south pole from the equator) the elevation of the polar star 
(north or south) and the inclination of the starry sphere in- 
crease (more and moro as he approaches tho Mervu :) and to 
one going towards tho equator tho roverse is tho caso with theg 
inclination and elevation. “i 
Answer to the question in. 3+ Tho starry sphere, bound at its 


tho Zud half of the Gth 8'zo- two poles (north and south), being 
KA 


struck with the Pgavana winds re- 
volves constantly : (so) do tho ois ale pħncets confined 


Oblique sphere, 


within it in regular order, =" *™ 
Answer to the question in (4, (As) on tho Earth the Gods 
BII BLORA, and the Asuras behold tho Sun con- 


stantly above tho horizon throughout half tho year, and men 
throughout their day, (so) do the Pirris situated on the upper 
part of the Moon (behold the Sun) throughout a fortnight. 

75. The orbit of the upper (of any two plancts) is greater 
than that of the lower: and the degrees of tho groater orbit 
(in length) are greater than those of the smaller. 

76, A planot revolving in a smaller orbit passes tho 12 
signs in a shorter time and one going in a greater orbit (pass. 
es the 12 signs) in a longer time. 

77. Therefore the Moon moving in a smallor orbit makes 
many revolutions whilo the Sanaiscuara (slow-moving i. e, 
Saturn) going in a greater orbit makes a fow. 

Reamer ta thonin 78, Every fourth of the plancts 
the first half of the 6th (in the order of their orbits mentioned 
ia in S‘Loxka 31) reckoning from Saturn is 
tho Ruler of a day (of the weck) in succession (thus, the 


86 N Translation of the . 


Sun, who is fourth from Saturn, is tho rulor of tho Ist day ; 
the Moon, who is fourth from the Sua, i is the ruler of the 
socond day ; Mars, the fourth from tho Moon, is the ruler of 
tho third day, and so on). 

Tn tho same manner overy third of tho planets, reckoning 
from Saturn (i. e. Mars, Venus, the Moon, Jupiter, &c, succes- 
sively) is the ruler of a year (of 360 terrestrial days). 

79. Reckoning from tho Moon, the planets above her (i. o. 
Mercury, Vonus, the Sun, &c.) are called tho rulers of tho 
months (of 80 days) successively. And from Saturn (tho 
planets situated) ono below tho other (i. o. Jupiter, Mars, the 
Sun, dc.) are successively the rulors of the hours.* 

Answer to the question in 80. Tho Sun’s orbit (in youanas to - 
Take be stated in S'zoxa 86th) multiplicd by 
GO gives (tho length of ) the middle circle of the starry sphere. 
This circlo of tho stars of so many YosaNas revolves abovo all 
(tho planets). 

8l; Multiply the number of tho said revolutions of the 
Moon in a Karea by the Moon’s orbit (to bo declared in S'roka 
85th) : the product is equal to the orbit of heaven (or tho 
circumference of tho middle of tho Branmanva): to this orbit 
tho rays of the Sun reach, 

Pinata ce 82. Tho very same (the orbit of 
mensions of tho orbits at heaven) being divided by the number 
rap sg ee sig daily of revolutions of a planot ina KALPA 

gives tho orbit of that planet; (and 


' dividing this orbit) by tho number of terrestrial days in a KALPA, 


tho quotient is called the daily motion (in yosaNas) of all tho 
planets to the east, 

Of their daily motions in 83. Multiply this number of Yosa- 
minutes or angular motions, yas of the daily motion (of all tho 


# v, 78 ond 79. It is to bo known hore*that the Ruler of a day (from mid- 
night to mid-night at Layxa) is tho same as that of tho first hour of the day: 
and tho Ruler of a month or a ycar is tile samo as that of tho first day of the 
month or year, B. D. 
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planets) by the Moon’s orbit and divide the product by the 
orbit of the planet (of which the daily motion in minutes is to 
be known): the quotiont being flivided by 15 gives the num- 
ber of minutes of the motion (of that planet), 

84. The orbits (of tho plancts) multiplicd by tho Earth’s 
diameter and divided by the circumferenco of tho Earth give 
the diameters of tho orbits. ‘These (diameters) diminished by 
tho Marth’s diameter and divided by 2 givo the distances of 
the plancts (from tho Earth’s contre). 

Sö. The orbit of the Moon is 324,000 (yvosyanas) and that of 
the Siaurocnena of Mercury, beyond the Moon is 1,018,209. 

86. That of the Stankoctena of Venus is 2,061,637 beyond 
that, that of tho Sun, Mercury and Venus is 4,331,000. 

87. That of Mars is 8,146,909 and that of tho Moon’s apogeo 
is 38,328,484. : 

88, That of Jupiter is 51,375,764 and that‘of tho Moon’s 
ascending node is 80,072,86 £. 

89, ‘That of Saturn is 127,668,255 and that of tho fixed 
stars is 259,890,012. 

90, Tho ciremnferenco of tho sphere of tho Branuinprg 
in which the Sun’s rays spread, is 1871208086-L00U000 yusanas, 


End of the twelth Cravrer. 


CHAPTER XIII. 


Ou the construction of the armillary Sphere and other astronomi- 
cal Instruments. 


land 2. Now the teacher (of Maya) being in a secret and 
holy place bathed, pure and adorned, and having worshipped 
faithfully the Sun, tho plancts, the asterisms and the (iuntyaxas 
(a kind of Demigods) explained clearly the knowledge which he 
had from his preceptor (the Sun) through traditional instruc- 
tion, for the satisfaction of his pupil (Maya). 
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Tho construction of the 3 and 4. Lot an astronomer make 
aration epee the wonderful construction of the ar- 


millary Sphero with that of tho Marth (at its contre). 

Having caused a wooden terrestrial globe,to bo made of any 
dosired sizo with a staff representing tho Meru passing through 
the (globe's) centro and projecting on both sides. (Let bim 
fix) two circles (on the staff) callod the Xonaga Kaksna or tho 
supportihg circle (answering to the colures) as also tho equi- 
noctial. 

Tho diurnal circles of tho 5. Let threo circles marked with 
Sagu, tho number of degrees in the 12 signs 
(or 360°) bo propared (to represont tho diurnal circles at tho 
onds of the 8 signs Aries, Taurus and Gemini) with radii an- 
swering to the respective diurnal circles in proportion to tho 
Equinoctial. 

6,7,8ond$. Let him fix the three circles for Aries and 
other sigus respectively (on the two supporting circles) marked 
with the degreos of declinations north and south, at tho end 
of respective declination (north of tho Equinoctial) (of the ends 
of the said signs), ‘The samo (circles) answer contrariwiso 
to tho (threo signs) Cancer and others (at tho ends of tho 
respective declinations of tho beginnings of the sigus). 
tho same manner, lot him fix (other) three circles in tho south- 
omm homisphero, for Libra and others (and) contrariwiso 
for Capricorn and tho rest. Let him also fix circles on 
both the supporting circles for the principal stars of tho 
asterisms in both hemispheres as also for Asmir (aud 
Lyrw) and for the soven great saints (i. o. the seven stars com- 
posing tho constellation of Ursa major), Agasrya (Canopus). 
Brana (Aurigio) and othor stars. In the very middle of all 
(theso circlox) is fixod the Equinoctial circle. 

Determination of the l0 and J. Let tho-two solstices 
places of tho 12 signsin the bo marked abovo the intersection of 
ee tho Equinoctial and ono of tho two 
supporting circles (i. e. at tho distauce of the Sun’s greatest 
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declination from the intersoction to the north and south on tho 
supporting circle) and tho two equinoxes (at tlie intersection 
of the equinoctial and the other supporting circle). : 

Thon from tho, equinox at the exact degrees of every sign 
(i. c. at every 30°) the placos of Aries and other signs should 
be detormined by the transvorse strings (of tho circle). 

Thero is another circlo passing from 
solstice to solstice. ° 

12 and 13. (This circle) is called the Ecliptic: in this, tho 
Sun, enlightening the worlds, always revolves. 

(But) the Moon and other (plancts) being attracted from tho 
ecliptic by their nodos situated in the ecliptic are soen at the 
ends of (their Feapecus) latitudes, 

(Tho point of the ecliptic) in the 
castern horizon is called the Laana 
(the horoscope) and (the point) just sctting is ‘called the Asta 
LAGNA (or the setting LAGNA) on account of its setting. 

The Mapura Laona or lé Tho point of the ocliptic in 
the culminating point of the the middle of the visible heaven (or 
ecliptic, in the meridian i, e. tho culminating 
point of the ecliptic) as determined through tho rising periods* 
of the signs ascertained for Lanka (in 48th S'Loxa of the 3rd 
Chapter) is called tho Mapayama (Lagna). 

(Suppose a line betweon the two 
intersections of the moridian of a 
given place and a given diurnal circle), Tho string (or the 
portion of that line) intercepted between the meridian and ' 
the horizon (in terms of the radius of a great circle) is called 
ÅNTYÁ. 

‘The sineof the ascensional 16. And a portion (of the same 
erona: line) intercepted betweon (the plane 
of) the six o’clock line and that of the horizon (in terms of‘the 
radius of a great circle) is, it is to be known, equal to the 
sine of the ascensional difference. 

N 


The Ecliptic. 


Tho Horoscope. 


The ANTYÁ. 
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(On the terrestrigl globe) consider- 
ing the given place as the highest, 
anfroand the sphere with thé horizon in its middle (i. e. 90° 
distant from the given place). ‘ 

Tho self-revolving Spheric 16. ‘Thus having surrounded the 
nee sphere (the axis of which should be 
elevated to the height of the pole) by tho horizon (mado as 
level as water) and covered (in its lower half) by wax cloth, 
make it rotate by the force of tho current of water for the 
knowledge of the passage of time. 

17, (Or lot an astronomer) make the sphere (a self-revolv- 
ing instrument) by means of mercury. 

Tho method (of constructing the rovolving instrument) is 
to be kopt a secret, as by its diffusion here it will be known 
to all (and then thero will be no surprise in it). 

Therefore, from tho instruction of the teacher construct the 
oxcellont spheric instrument (so that it may be self-revolving). 

(The knowledgo of) this, the Snn’s mothod is lost at tho 
ond of every Yuaa. 

19. It arises again by the favour of somo ono (great 
' astronomer) whon ho pleases. 

So let other sclf-revolying instrumonts be furnished for 
measuring time. 

20. 'To (such) a surprising instrument lct (an astronomer) 
alone apply his contrivance, (in secret). 

Other instruments formoas Let smart (astronomers) from tho 
suring time, instruction of their teacher know tho 
hour (of the day) by the dial instruments gnomon, staff, semi- 
circle and circle in various ways. 

21. Lot also (astronomors) determine the hour exactly by 
the water-clocks, clepsydra &c., and the sand-clocks in the 
shape of peacock, man or monkey., ° 

22. (For the self-revolution of the said instruments) apply 
‘the hollow spokes (half filled) with mercury, water, threads, 
ropes, mixture of oil and water, mercury and sand to them 


The Horizon, 
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(i. c. the instrumepts). These applications are vory difficult of 
attainment. or 

Karara Yantra or Olep- 23. The copper vessel (in tho 
ne . shape of the Jower half of a water jar) 
which has a small hole in its bottom and being placed upon 
clean water in a basin sinks exactly 60 times in a nycthome- 
ron, is eglled the Kardia YANTRA. 

24. As also that instrument the 
Gnomon is very useful by day whon the 
Sun is clear, and an excellent means of ascertaining time by 
taking its Shadows. 


The Gnomon. 


25. Having known oxactly the 
scieuce of the plancts and stars and 
tho spheric, man attains (his residence at) the spheres of the 
planets (Moon &c.) and becomes acquainted with tho spiritual 
knowledge by his regeneration, attains to spiritual knowledge 
in a subsequent birth. 


Conclusion., 


End of the thirtconth Chapter called JYAUTISHOPANISHAT, 
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CHAPTER XIV. 
On kinds of time. 


1. There aro nine Mánas (kinds v. 
time), the Brdawa (that of Branmé), 
the Divya (that of the Gods), the Pireva, the PrdsApatya, as 
also that of Jupiter, tho Solar, the Terrestrial, the Lunar and 
tho Siderial, f 

The xánNag which areused 2. Tho four mAnas the solar, tho 
here, lunar, the sidercal and the terrestrial 
are (always) in usc in this world; tho mda of Jupiter is (used , 

N 2 


Number of kinds of time. 
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hero) for knowing the 60 Samvarsaras,* and the othor MÁNAs 
aro not always (used). 
3, ‘The lengths of the day and 
l night, the Suapasári-mukmas,t tho 
solstitial and equinoctial times, and the holy time of San. 
keAwrt (i. e. the time of the entranco of the Sun into a sign at 
which a good action brings good desert to tho performer) 
are determined by tho solar mANa. 
4. Kvory eighty-sixth (solart) day 
reckoned from tho timo of Tutor 
(i, o. from the timo at which the Sun enters the sign Libra) 
is called S#apas’fri-MoKHA in succession. Theso four days lie 
(in the four solar months) when the Sun is in the four signs 
of two natures (i. o. Gemini, Virgo, Sagittarius and Pisces). 
There are four Suanas‘trr 5. (The first Saapas'fr1-mdxua hap- 
Moxiras in a your, s pens when tho Sun is) at the 26th de- 
gree of Sagittarius, (the second) at the 22nd degroe of Pisces, 
(the third) at the 18th degree of Gemini and (tho fourth) at 
14th degree of Virgo. 
6. Then (after the fourth Snapasfrt-aoxns) the remaining 
'16 solar days of the solar month at which the Sun is in Virgo, 
are equal to a sacrifice (i. e. good actions porformed in theso 
days give groat merit equal to that of a sacrifice) and in theso 
days a gift given in honour of deceased ancestors is imperish- 
able (i. e. tho gift gives infinite merit), 
Four common points of 7 In tho middle of the starry 
j Meeeupiat sphore, the two equinoxcs are diame- 
trically opposed, so are the two solatices (in the ecliptic) ; 
these four points (of the ecliptic) are very common. 
Its other points. 8. Again, between every two con- 
secutive points (of them) two SANKRÁN- 


@ 
Use of the solar MÁNA, 


The Sxapas‘itt MUKHA. 


e böth S'zoxa of the first Chapter, B. D., 
reais word will be explained in the following S‘toxa. B.D. 


} By a solar day is hero meant, the time į ich the § 
of the Ecliptic. B. D, t in which the Sun moves one degroe 
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tis or the beginnings of the signs are situated in tho ocliptic : 
(And of tho twelvo points of the ecliptic, just mentioned), tho 
points which are next to the (four common) points (i. o. tho 
beginnings of the four signs Taurus, Leo, Scarpio and Aqua- 
rius) aro called the Vısuyu-raní, 

Two halves of a tropical, 9. From (the timo of) tho Sun’s 
year. outrance into Capricorn tho six solar 
months are the Urrar{yana (tho northing of the Sun) : in tho 
game manner from the time of the ontrance of tho Sun into 
Cancer, the six solar months aro tho Daxksniyiyana (tho 
southing of the Sun). 

Tho seasons, months and 10. From that time (i. o. tho 
year. winter solstice) the periods, in each of 
which the Sun remains in tho two signs are tho seasons S‘istra 
(tho very cold season) &c.* and the twelvo periods in which 
the Sun remains in the 12 signs Aries, &c. are the solar 
months and a year is equal to the aggregato of these months. 

Tho holy time of Sax- 11. The number of minutes con- . 
EBÁNTI tained in the San’s dise multiplied by 
60 and divided by (his) daily motion (gives a certain number of 
ouatikds.) Half theso auatixds, before as well as after tho 
Sankrinti (or tho time of the Sun’s passage from one sign 
into another) is holy. 

12. Thetime in which the Moon, 
being separate from the Sun (after a 
conjunction), moves daily to the east is the lunar mAxa. Tho 
time in which the Moon describes 12 degrees (from tho Sun) 
is a lunar day. 

Use of the lunar akira. 18. The Timme (lunar day), tho 

Karaya (half of a TITHI), the time of 
marriage, shaving and all other acts, as also (the times of) 


The lunar MANA, 


© A solar yoar is divided into six seasons, viz. The S'ss'rma (the very cold 
season), the Vasanta (the Spring), the Grfsuaa (tho hot season) tho Vansua 
(the ma season), the S’akat (the Autumn) and the lamanta (tho cold 
ecason). B. D. 
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religious acts of obligations, fasts and pilgrimages are regulated 
by the lunar MÁNA. 
ae ey oe ee 14: A lunar month which consists 
' of 30 lunar days,.is, as mentioned 
before, a day and night of the Pirgts, The end of a (lunar) 
month and that of the light half of that month take place in 
tho middle of them (the day and night of the Prrgis) respec- 
tively. 

15. A daify revolution of the starry 
sphere is called a sidercal day. 

Naming of tho lunar The lunar months are named from 
months. tho Naks#atras* (or asterisms) which 
take place (or in which tho Moon is) on tho 15th day of theso 
months.t y 

16. On tho 15th day of (each of the lunar months) Kinrixa 
and others, (cifher of every) couplo of the Naxstarras reckoned 
from Kgirtixf takes place successively. (But on the 15th day 
of each of) the three months such as tho last (i. e. As‘wina) 
and that coming beforo the last (i. e. Budprapapa) und the 
fifth (i. e. Pudtauya) one of three Naxswatras takes place.t 

17. (As the lunar months are named 
Kderixa &o. from the union of their 
15th day with the Naxsnareas Kyrrrixs, &c. so) tho years of 
Jupiter aro called Kéetixa, &c. from tho union of the 15th day 
of tho dark half of the months Vats'fxua, &c. (with the Nar- 


* The Naxsiatzas aro found in the 64th S’toxa of the 2nd Chapter. B, D. 

t The first lunar month is named CHatrra from the Naxsuatra CHITRA, 
the 2nd Vare’a’kHa’, from Vie’a‘ena’ tho 8rd JyesuTHa, from JYESETHA, tho 4th 
Aswapwa from Púnva’s'na’'pua’, the Sth S’Ra’vana, from S'eavaya, the Gth Bua’ 
DRAPADA from Piava‘sira DRaPAD\’, the 7th As'wina from As'winf, the Sth 
Ka’atixa from Kairrixa, tho Oth Ma’acas’fusua from Mafess fasia, tho 10th 
Pavsua from Pusuya, the 11th Ma’awa from Maona’ and the 12th Paa’Leauna 
from Péxva-FHataunf, B.D. 

t On the 16th day of the lunar month Ka’erixa, the Naxsnarea Karrirka 
or Routyf takes place; of Mancas'irsna, Mafaa or Appra', of Pavsaa, PUNAR- 
vasu or Pusuya; of Macua, As'uesna or MaGua’s of Puarauna, PÚRVAPHAL 
GUNÍ or UTTARAPHALGUNÍ or Hasra; of Cmarrna’, Ourrea or Swarr; of 
Vare‘akita, VIS'A'KTA’ or ANUBA'DHA’; of JYESHTHA, JyzsuqHa’ or MÓLA; of 
Asnapua, Péevasnapita’ or Urrana’sfapua; of Snavawa, Skavana or Dua- 
NISHTHA ; of Baaprarapa, S'ATATA'RA, PÚRVA'BHA'DRAPADA’ or Urrana BHA’ 
DRAFADA ; and of Xa'wINa, Revati As'wiwi or Buanayi. B,D. : 


Tho sidereal MÁNA. 


Yoars of Jupiter. 
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SHATRAS KRITTIKÁ, fvc., when at the said 15th day) Jupiter rises 
or sets heliacally. a 

18. The time from one rising ‘of 
» the Sun to tho next ig called a Sivana 
or a terrestrial day, from this the number of terrestrial days in 
a Karra is determined: By these days the timo of sacrifico 
is calculated. 


Terrestrial MÁNA. 


19. Determination of tho S¢raxa 
(or impurity contracted in consequence 
of a death or birth in one’s family), tho rulers of the day, 
month and year, and the mean motion of a planet nro reckoned 
by Sfvana (or the terrestrial MÁNA). 

30. Itis said before that tho day 
and night of the Gods and the Asuris 
are mutually reverse: This day and night which is found 
from the completion of tho Sun’s rovolution is Divya (or the 
MÁNA of the Gods). 


It’s use. 


The MÁNA of the Gods, 


21, The duration of a Manu (which, 
as mentioned before, is equal to 71 
Yoaas) is called Pr&sfvatya (or the mána of Prasáearı who 


Pra‘Ja’PATYA MANA, 


was the father of Manus). There is no division of the day 


and night in this MÁNA, 

Tho Karra is called the Brdama (or 
the Mána of Branmd), 

22. O superior Maya, I declarod 
this secret and surprisingly excellont 


The Bra‘nMa MANA, 


Conclusion, 


(knowledge) to you. This (equivalent to) the boly knowledgo ° 


is exceedingly meritorious and the destroyer of all sins. 

23. Having known this excellent divine knowledge of the 
stars and the planets which ig (just) imported to you, man ac- 
quires a perpetual place on the spheres of the Sun &c. 

24, Having properly imparted this to Maya and said this 
(the meaning of the preceding two verses) and being wor- 


shipped by him, the man who partakes of the nature of the , 


Sun, ascended to heaven and entered the disc of the Sun. 
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25. Then having learned the divine knowledge from the 
Sun himgplf, Mava considered himself as one who had done his 
duty, and freo from sing, = * 

.26. Then haying known that Maya had gbtained a blessing 
of the Sun (some) saints approached and asked him respect- 
fully the knowledge. 

27, He (Maya) being delighted gave the groat knowledgo 
of the plancts to thom (the saints) which is very surprising in 
this world, socrot and oquivalent to tho holy knowledge. 

End of the 14th Chapter, of the Second Part, and of the 
work, 


Postscrier BY THE TRANSLATOR. 

Tt is stated in tho Strya-syppudnta that a dialoguo took 
place between a man partaking of the nature of the Sun and 
a Demon callod Maya 2,164,960 years before tho present time. 
But nobody knows who has put this dialogue into verse or 
the dato of this versification. People believe that it is tho 
production of some Muni (saint), and many aro of opinion that 
it is the oldest of eighteen ancient astronomical works. lts 
style is easy, and tho reading of it, as of the Purdyas, is 
considered to be meritorious, Every subject is treated moro 
fully in this than in any other of the ancient Sippudnras, and 
the revolutions of the planets are so correctly stated in it that 
thoir places can be determined with great accuracy. 

The names of the eighteen anciont SippH{nrAs are :— 


1. Stirya-siddhinta. 10. Marichi-s. 
2. Brahma-s. 11. Manu-s. 
: 3. Vyása-s. 12. Angiras-s. 
4, Vasishtha-s. ” 18. Lomas‘a-s. 
5, Atri-s. 14. Pulis‘a-s. 
6. Parfs’ara-s. 15. Chyavana-s, 
7. Kas'yapors. 16, Yavana-s. 
8. Nirada-s. ‘17. Bhyigu-s. 
9. Garga-s. 18, S’aunaka or Soma-s. 
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Although it is generally supposed that tho SÓrYA-SIDDITANTA 
is the oldost, yet“somo consider the Branma-stppudnta to bo 
so: and itis stated in the S/AMBHU-HORÁPRAKAS'A (an astro- 
logical work), that tho Soma-srppidnva is the first, the Brau- 
MA-sippHANTA the sccond, and the Surya-srppudnra the third in 
the order of timo. But this opinion is not generally received. Of 
the cightcen ancient Siddhfutas only four (viz. Sirya-s., Brah- 
ma-s., Soma-s., and Vasishtha-s.) are now procurable; the 
others are very raro. 

In tho translation wherever words are supplied by way of 
explanation they are included in brackets. In some placos tho 
original Sanskrit is so bricf and terse, that it is not only obscure, 
but unintelligible, without the insertion of words to complote 
the senso: e. g. p. 24, S'LoKa Ot. 

a BAPU DEVA. 

Sanskrit Colleye, Benarcs, 1860. 
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Error. 


Properties (of all 


ereated things). 
NIVA. 
Revart. 
Krfta yru. 


MannyAc att. 


Correction. 


Properties, 


Siva. 
Revart. 
Kera yuu, 
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Armillary sphere, ° sue n 
Asterisms, sa Srs 
Cosmographical matters, s. se 
Dial ; application to find the position of the Sun, .. 
Eclipses of the Moon, se eee 
» of the Sun, sae 

Heliacal rising and setting, 
Horoscope, —... one 

' Kalpa, ie sae = 
Latitude of a place, i 
Meru, its ocean, &c., sis 
Moon, eclipses of, Ws 


» phases and cusps of,... 

Planets, on finding their mean places, ... 

3 5 » true places, ... 

» revolutions of, ... ane 
cause of their motion, 

» conjunctions of, 

» order of, si es. 

39 
Position, questions on, 
Precession of the cquinoxes, saa 


dimensions of, their orbits and daily motions, 


Signs of the ecliptic (or zodiac), right ascension of, 


Sun, longitude, declination, &c., of, 

» eclipses, aes 
Sun and Moon, when declinations are gui, 
Time, kinds of, ssi 

» questions on, eg ie 
Yugas, sed re sis 
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CHAPTER I. 


Tn praise of the advantages of the study of the Spherie. 
Salutation to GANESA ! 

1. Having saluted that God, who 
when called upon brings all under- 
takings to a successful issue, and also that CGuidess, through 
whose benign favour the tongues of poets, gifted with a flow of 
words over new and with clegance, swectness and playfulness, 
sport in their mouths as in a place of recreation, as dancing- 
girls adurned with beauty disport themselves in the dance with 
clegance and with every variety of step, I proceed to indite 
this work on the Sphere. It has been freed from all orror, 
and rendcred intelligible to the lowest: capacity. 

2. Inasmuch as no calculator can 
hope to acquire in the assemblage of 
the learned a distinguished reputation as an Astronomer, with- 
out a clear understanding of the principles upon which all tho 
calculations of the mean and other places of tho planets are 
founded, and to remove the doubts which may arise in his 
own mind, I therefore proceed to treat of the sphere, in such 
a manner as to make the reasons of all my calculations 
manifest. On inspecting the Globe they become clear and 
manifest as if submitted to the eye, and are as completely 
at command, as the wild apple (áywlá) held in the palm of 
the hand. 


Invocation. 


Object of the work. 


106 ` Translation of thee [I. 3. : 


os r. 3. As a feast ewith abundance of 
diese *ghorane? all things but without clarified butter, 

' and as a kingdom without a king, and 
an assemblage without cloquent speakers bave little to recom. 
mend thom ; so the Astronomer who has no knowledge of the 
spheric, commands no consideration. 

4. Asa foolish impudent disputant, who ignorant of gram- 
mar (rudely) enters into the company of the learned and vainly 
prates, is brought to ridiculo, and put to shame by the frowns 
and ironical remarks of even children of any smartness, so he, 
who is ignorant of the spheric, is exposed in an assemblage of 
the Astronomers, by the various questions of really accom- 
plished Astronomers. 

Object of the Armillary 5. (Tho Armillary sphere is said, by 
ee the wise, to be a representation of the 
celestial sphere, for the purpose of ascertaining the proofs of 
the positions of the Earth, the stars, and the plancts: this is a 
species of figure, and hence it is deemed by the wise to be an 
object of mathematical calculation. 

6. It is said by ancient astrono- 
mers that the purpose of the science 
is judicial astrology, and this indeed depends upon the influence 
of the horoscope, and this on the true places of the planets : 
these (true places) can be found only by a perfect knowledge 
of the spheric. A knowledge of the spheric is not to bo 
attained without mathematical calculation. How then can a 


In praise of mathematica, 


' Man, ignorant of mathematics, comprehend the doctrine of 


the sphere &c. ? 
Who is likely to under. 7. Mathématical calculations are 


take the study with effect. of two kinds, Arithmetical and Alge- 
braical: he who has mastered both forms, is qualified if he have 
previously acquired (a perfect knowledge of) the Grammar (of 
the Sanskrit Language,) to undertake the study of the various 
branches of Astronomy. Otherwise he may acquire the name 
(but never tho substantial knowledge) of an Astronomer. 
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8. He who has acquired a perfect 
knowledge of Grammar, which has boen 
termed VEDAVADANA i. e. the motth of the Vepas and domi- 
cile of Saraswat may acquire a knowledge of every other 
science—nay of the Venas themselves. For this reason it is 
that none, but he who has acquired a thorough knowledge of 
Grammar, is qualified to undertake the study of othor sciences. 

The opinion of otherson 9. O learned man; if you intend 
dis mork aated wib a to study tho spheric, study tho Troatise 
of it. of Budskara, it is neither too conciso 
nor idly diffuse: it contains every essential principle of tho 
science, and is of casy comprehension ; it is morcover written 
in an eloquent style, is mado interesting with questions ; it im- 
parts to all who study it that manner of correct expression in 
learned assemblages, approved of by accomplished scholars. 


End of Chapter I. i 


In praise of Grammar. 


CHAPTER II. 
Questions on the General view of the Sphere. 


Questions ‘regarding the 1. This Earth being encircled by 
Sarh; tho revolving plancts, remains sta- 
tionary in the heavens, within the orbits of all the revolving : 
fixed stars ; tell me by whom or by what is it supported, that it 
falls not downwards (in space) ? 

2. Toll me also, after a full examination of all the various 
opinions on the subject, its figure and magnitude, how its prin- 
cipal islands mountains and seas are situated in it? 

8." Tell me, O my father, why tho 
ao agaro — place of a planet found ont from well 
taining planets’ true places calculated AHARGAYA (or enumeration 
and their causes. i , 

of mean terrestrial days, clapsed from , 
B2 
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the commencement of the Karra)* by applying the rule of pro- 


# [A Karga is that portion of time, which intervenes between one conjunction 
of all the planets at the Horizon of LanxA (that place at the terrestrial equator, 
where the longitude is 76° E., reckoned from Greenwich) at the first point of 
Aries, and a subsequent similar conjunction. A Karpa ponsists of 14 MANTE 
and their 16 sanDurs*; each Manu lying between 2 saxpurs. Each manu 
containg 71 Yo@as; each yuga is divided into 4 YUGÁNGHRIS viz., KRITA, 
Treta’, Dwhrara and Kats, tho length of each of these is as the number 
4,8, and 1. The beginning and end of each yvaa'xoirets being each one 12th 
part of it are respectively called its saspHyA and Sanpuya’Nea, The number 
of sidercal ypars contained in each YUGA'NGHEI, &o. are shown below ; 


ALI, COC Ved Coe Cet Det OTe eee ETA CER ues eee coe ses ese eee eee nascee pes 432,000, 
Dwa'Paka, COD COROT COO Cen Bas OBI L® FOF CEO NOE COD ROR COE COE DOO C88 864,000, 
TRETA, occas TRU e i ier y) 1,296,000, 
KRITA, CIPI ee yy) 1,728,000, 
KAT EE A A anne A 4,320,000, 


71 x YUGA = MANU, wsicccserssssercssssssescsssneseece — 4,294,080,000, 
Lt MARU, cc rccee severtsosesscneosssss stseorsessorse eocessee 800,720,000, 
15 Manu sanpuis each eqnal toa KriraYuadneunt, 25,920,000, 
KALPA, wo.ccsssscssersccessnestessesseesesseeenssessertsesssese 320,000,000, 

Of the present Karea 6 manus with their 7 saxpus, 27 ye@as and theii 
three YUGA’NGHRIİ, e. Keira, Tarra, and Dwa’‘raga, and 3179 sidereal years o 
the fourth Yoca’naunt of the 28th Yuga of the 7th mano, that is to say 
1,972,947,179 sidercal years have elapsed from the beginning of the presen! 
Karra to the commencement of the Sa’tiwa'tana ora. Now wo can cusily find ou 
the number of a that have elapsed irom tho beginning of the present KALP: 
to any time wo like, 

By astronomical observations the number of terrestrial and synodio lunar day 
in any given number of years can be ascertained and then, with the result found 
their number in a Karra or Yuga can be calculated by the rule of proportion. 

By this method ancient Astronomers found out tho number of lunar and ter 
restrial duys in a KALPA as a on i r 

‘ 1,602,999,000,000 (synodic) lunar days ). 
and 1,577,916,450,000 terrestrial days : in a Karra. 

With tho foregoing results and a knowledgo of the number of sidereal year 
contained in a KALPA aswell of those that have passed, wo can find out th 
number of mean terrestrial days from the beginning of a Karra to any give! 
day. This number is called Anarcana and the method of finding it is given i: 
Ganrrdpnyiva by Bua‘exara’cua’RyA, 

By the daily mean motions of the planeta, ascertained by aftronomical observa 
tions, the numbers of their revolutions in a KALPA are known and are given ii 
works on Astronomy. 

To fud the placo of a planet by the number of its revolutions, the number o 

* daya contained in a Karra and the Auaraaya toa given day, the following pro 
portion is used. 

As the terrestrial days in a KALPA, 

: the number of revolutions of a planet in a KALPA 

: the ÅHARGANA : 

: the number of revolutions and signs &. of the planet in the AMARGAŅA. 

By leaving out the number of revolutions, contained in the result found, th 
remaining signs &. indicate the place of the planet. 

Now, the intention of the querist is this, why should not this be the tru 
place of a planet? In the GayrrdpurMya‘ Budsxandcna'kya has stated tli 
revolutions in a Karra, but he has here mentioned the revolutions in a Yua 
on account of his constant study of the S’igiya-pHivkiDDHIDA- TANTRA, A Tree 

tiso D Astronomy by Latta who has stated in it the revolutions in a YuGa.- 
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portion to the revglutions in the Yuaa* &c. is not a truo ono? 
(i. e. why is it only a mean and not the true place), and why 
the rules for finding the true plades of the different planets aro 
not of the same kind? What are the DEsANTARA, UDAYANTABA, 
BHUJÁNTARA, and CHARA corrections?+ What is the Manvocucuat 
(slow or Ist Apogee) and S/fanrocucwa$ (quick or 2ud Apogee)? 
What is the node ? i 

4, Whatis the Kenpral| and that which arises frdm it (i. o, 
the sine, cosine, &c. of it)? What is tho Maxparnaralj (the 
first equation) and S'fanrarHatag (the 2nd cquation) which 
depend on the sine of the Kenora? Why docs the placo of 
a planet become true, when the MANparHaLa or S'forrarmaLa 

* [It may be proper to give notes explaining concisely tho technical terms 
occurring in these questions, which have no corresponding torma in English, in 
order that the English Astronomer m@y at once apprehend these questions with- 


out waiting for the explanation of them which tho Author gives in tho sequel,— 
B. D 


ee 


-n a n a 


a planet applied with tho UDAYA’NTARA and BHUJA’NTANA corrections, for finding 


ence. B, D. 

Paty omens is equivalent to the higher Apsis, The Sun’s and Moon's 
Manpocacuas (higher Apsides) are the samo as their Apogees, while the other 
planets’ ManDocacyas aro equivalent to their Apheliona. B, D.] 

§ [S‘r’orrocucua is that point of the orbit of each of the primary planets (i. e. 
TER Mercury, Jupiter, Venus and Saturn) which is furthest from the Earth, 

-D 


i| [Kexnea is of two kinds, one called Mawpa-KENDRA corresponds with the 
anomaly and the other called 8’r'¢uR4-KENDRaA is equivalent to the commutation 
added to ri subtracted from 180% as the Siaz4-KENDRA is greater or less than 
180° B. D. 

€ [Mawpa-rHata is the same as tho equation of the centre of a planet and 
8'’ouna-Paata is equivalent to the annual parallax of the supcrior planet ; and 
the elongation of the inferior plants. B. D.T 
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are (at one time) added to and (at another) sybtracted from it ? 
What is the ‘twofold correction called DRIKKARMA*® which 
le¢ened astronomers havo applied (to the true place of a pla- 
net) at the rising and setting of the planct2 Answer me all 
these questions plainly, if you have a thorough knowledge of 
tho sphere. l 

Questions regarding the 5. Tell me, O yon acute. astrono- 
longth of tho day and night. mor why, when the Sunis on tho 
northern homisphero, is the day long and the night short, and 
the day short and the night long when the Sun is on the south- 
ern hemisphere ? 

Questions regarding the How tay it tat AO day aud 
length of the day and night night of the Gods and their enemics 
of the Gods Daxryas Pareis Darryag correspond in length with 

the solar years? How is it that the 
night and day ‘of tho Prrgrs is cqual in length to a (synodic) 
lunar month, and how is it that the day and night of Brauwi 
is 2000 rucast in length ? 

Qnealionii rerirding “the 7. Why, O Astronomer, is it that 
periods of risings of the the 12 signs of the Zodiac which aro 
«signs of the Zodiac. eee 

all of equal length, rise m unequal 
times (evon at the Equator,) and why are not those periods of 
rising tho same in all countries ? 

Questions as to the places of 8. Shew me, O learned one, tho 
the Dxvsrd, the Kusya,& places of the Dyus (the radius of 
the diurnal circle), the Kusyd (tho sine of that part of the 
arc of the diurnal circle intercepted between tho horizon and 
the six o’clock line, i, e. of the ascensional difference in terms 


. Deer anye is the correction requisite to be applied fò the placo of a pla- 
net, be nding the point of the ooliptio on tho horison when the planet reaches 
it. This correction is to be applied to the place of a planct by means of its 
two portions, one called the Avana-DgrxxanrMa and the other the AKSHA-DRIK- 
KARMA. The place of a planet with the AxaNa-DRIKKaRMA applied, gives the 

int of the ecliptic on the six o'clock ling when the planet arrives at it: and 
this corrected place of the planet, again with the AxgeHa-DRIKKARMA applied 
gives the point of the ecliptic on the horizon when the planet comes to it. B. D.] 

t The Kgira, Taera’, Dwa’rara and Katt are usually called Youoas: but 
the four together form only one Yuga, according to the SippHa’nta_ system, 
ench of these four being held to be individually but a Yv@a’Naust. L. 
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of a small circle), and show me also the places of the declination, 
Sama-s4nxu,* Aaka (the sine of amplitude), latitude and 
co-latitude &c. in this Armillary sphere as these places are in 
the heavens. ° ` . 
OE BERAE M If the middle of a lunar Eclipse 
tain differences in the times takes place at the ond of tho Timm 
andl ni of solar andlunar (at the full moon), why does not the 
middle of the solar Eclipse take place 
in like manner at the change? Why is the Eastern limb of 
the Moon in a lunar Eclipse first involved im obscurity, 
and the western limb of the Sun first eclipsed in a solar 


Eclipse ?+ 
Questions regarding the 9. What, O most imtclligent one, 
paraan, is the Lampanat and what is the 


Narı? why is the Lamoana applied to the Tirai and the 
Natt applied to the latitude (of the Moon)? and why aro 
these corrections settled by means (of tho radius) of tho 


Karth ? 

Questions regarding the 10. Ah ! why, after being full, docs 
pinsos ot tio Moon the Moon, having lost her pure bright-, 
ncas, lose her circularity, as it were, by her too close associa- 
tion, caused by her diurnal revolution with the night : and why 
again after having arrived in the samo sign as tho Sun, does 
she thenceforth, by successivo augmentation of hor puro 


® [Sama-Ba’nru is the sine of the Sun’s altitude when it comes to the prime 
vertical, B, D.) , 

+ [An Echpse of the Moon is caused by her entering into the Earth's shadow 
and as the place of the Earth's shadow and that of the Moon is the same at the 
full moon, the conjunction of the Earth’s shadow and tho Moon must 
happen at the same time ; and an Eclipso of the Sun is caused by the interponi» 
tion of the Moon between the Earth and the Sun, and the conjunction of the 
Sun and Moon in like manner must happen at the new moon, as thon 
the place of the Sun and Moon is the same. As this is the case with the eclipses 
of both of them (i. o, both the Sun and Moon) the querist asks, “ Ifthe middle 
of a lunar eclipse &e.” It is scarcely necessary to add that the assumption 
that the middle of a lunar eclipsa*tukes plage exactly at the dull moon, is only 
approximately correct. B. 

t [The Lamsana is equivalent toghe Moon's parallax in longitude from the 
Sun reduced into time by means of the Moou’s motion from the Sun: and the 
Natt is the same us the Moon's parallax in latitude from tho Sun. B, D.] 
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brightness, as from association with tho Sur, attain her circu- 

lar form ?* 
e ¢ 

End of the second Chapter 


e 
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CHAPTER ILL 
Called Bhurana-kos'a or Cosmoyraphy. 


The excellence of the l- TheSupreme Boing Para Bean- 
Supremo Being, MA tho first principlo, excels eternally. 
From the soul (Purusna) and nature (Praxkrizi,) when excited 
by the first principle, arose the first Great Intelligence called 
the Masarrartwa or Buppurtatrwa: from it sprung self-con- 
sciousness (AHANKARA :) from it were produced tho Ether, Air, 
Fire, Watcr, and Earth; and by the combination of these was 
mado tho universe BraumAypa, in the centre of which is the 
Earth: and from Braud Cuarurdnana, residing on the sur- 
face of the Earth, sprung all animato and inanimate things. 

2. This Globe of the Marth form- 
od of (the five elementary principles) 
Earth, Air, Water, the Ether, and Fire, is perfectly round, and 
encompassed by the orbits of the Moon, Morcury, Venus, the 
Sun, Mars, Jupiter, and Saturn, and by the constellations. It 
has no (material) supporter; but stands firmly in the expanse 


Description of the Earth. 


. of heaven by its own inherent force. On its surface through- 


out subsist (in security) all animate and inanimate objects, 
Danvusas and human beings, Gods and Darryas. 


è This verse has a double meaning, all the native writers, however grave tho 
subject, being much addicted to conceits. ‘The second interpretation of this 
verse is as follows : i 

Ah! why does the most learned of Brahmans, though distinguished by his 
immaculate conduct, lose his puro honour atfd influence as it were from his mis- 
conduct caused by derangement? It is no wonder that the said Brahman alter 
having met with a Brahman skilled in tha Venas, and by having recourse to 
him, thenceforth becomes distinguished for his emincnt good conduct by gradual 
augmentation of his illustriousness. L., W. 
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3. It is covered on all sides with multitudes of mountains, 
groves, towns and sacred edifices, as is the bulb of tho Nauclea’s 
globular flower with its multitude of anthers. i 

Refutation of the supposi- 4, If the Earth were supported-by 
tion that the Kurth has suc- any material substanco or living crea- 
cessive supporters. 

_ ture, then that would require a second 
supporter, and for that second a third would bo required. 
Jlere we have tho absurdity of an interminablo series. If 
tle last of the senes be supposed to remain firm by its own 
inherent power, then why may not the same power be supposed 
to exist in the first, that is in the Barth? For is not the Marth 
one of the forms of the cight-fold divinity i. e. of S‘iva. 

Refutation of tho objec. 9» AS heat is an inherent property 
tion, as to how the Earth of tho Sun and of Fire, as cold of tho 
has its own inherent power. a 

Moon, fluidity of water, and hardness 
of stones, and as the Air is volatile, so the carth is naturally 
immoveable. For oh! tho properties existing in things are 
wonderful. 

6. Tho* property of attraction. is inherent in tho Earth. 
Ry this property the Earth attacts any unsupported heavy 
thing towards it: Tho thing appears to be falling [but it is in’ 
a stato of being drawn to the Earth]. ‘Tho etherial expanse 
being equally outspread all around, whero can tho Earth fall ? 

Opinion of the Baun- 7. Observing the revolution of the 
DEAS. constellations, tho Bauppuas thought 
that the Earth had no support, and as no heavy body is seen 
stationary in the air, they asserted that the cartht goos eternal- ° 
ly downwards in spaco. 

8. The Jamas and others main- 


Opinion of the JAINAS. 
pinion or sm tain that there are two Suns and two 


* (It is manifest from this that neither can the Earth by any means fall 
downwards, nor the men situated av the distances of a fourth part of the ciroum- 
ference from us or in the opposito hemisphere. . f 

t [Ho who resides on the Earth,,is not conscious of the motion of it down- 
wards in space, as a mau sitting on a moving ship does uot perceive its motion, 


c 
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Moons, and also two sets of constellations,«which rise in con- 
stant alternation. To them I give this appropriate answer. 

Refutation of the opinion 9. Observing as you do, O Barn- 
of the Bavopnas, DHA, that every heary hody projected 
into the air, comes back again to, and overtakes the Karth, 
how then can you idly maintain that the Earth is falling down 
in space? [If tene, the Marth being the heavier body, would, 
he imagines*—porpetually gain on the higher projectile and 
never allow its overtaking it.] 

Refutation of the opinion 10. But what shall I say to thy 
E-AN JANAN folly, O Jaina, who without object or 
uso supposest a doublo set of constellations, two Nuns and two 
Moons? Dost thou not sco that the visible circumpolar con- 
atellations take a wholo day to eqmplete their revolutions ? 

Refutation of tho supposi- T1. Jf this blessed Earth were level, 
tion that the Earth $ loval. Tiko y plano mirror, then why is not tho 
gun, revolving above at a distanco from the Marth, visible to 
men as well as to the Gods? (on the Paurtytka hypothesis, 
that it is always revolving about Meru, above and horizontally 


to the Earth. 


12. If the Golden mountain (Merv) is the cause of night, 
then why is it not visible when it intervenes between us and 
tho Sun? And Meru being adinitted (by the PaurayiKas) to 
lie to tho North, how comes it to pass that the Sun risos (for 
half the year) to the South ? 

ised TE a As the one-hundredth part of 
pearance of tho plane form tho circumference ofa circlo is (xearce- 
of tue Borta: ly different from) a plane, and as 
the Earth is an excessively large body, and a man exceedingly 
small (in comparixon,) the whole visible portion of the Earth 
consequently appears to a man on its surface to be perfectly 


plane. o2 


® [This was Brasxara’s own notion :—but even on the more correct principle, 


« Phat all bodios fall with equal rapidity, the argument holds good. B. D.) 
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E EPEE T 14. That the correct dimensions of 
alleged circumferonco of the the cireumferenco of the Earth havo 
Earth heen stated may be proved by:tho | 
simplo Rule of proportion in this mode: (ascertain the differ. 
ence in Yusanas between two towns in an exact north and 
south line, and aseertain also the difference of the latitudes of 
those towns: then say) if the ditforence of latitude gives this 
distance in Yusanas, what will the whole circumference of 360 
degrees give ? 

To confirm the samo cir- 15. Ans itis ascertained by caleula- 
cumference of the Earth. tion that tho city of Ussayint is 
situated at a distance from the eqnator equal to the one-sixteenth 
part of the whole circumference: this distance, therefore, 
multipliod by 16 will be the measure of the Earth's cir- 
cnmforence, What reagon then is there in attributing (as the 
Paurfyikas do) such an immense magnitude to the carth ? 

16. For the position of the moou’s cusps, the conjunction 
of the planets, eclipses, the time of the risings and settings 
of the plancts, the lengths of the shadows of the gnomon, ` 
&e., aro all consistent with this (estimato of the extent of tho) 
cirenmference, aud not with any other ; therefore it is declared 
that the correctness of the aforesaid measurement of the carth 
is proved both directly and indirectly,—(direetly, by its 
agreving with the phenomena ;—indireetly, by no other estimate 
agrecing with the phenomena). 

17. Lanxd is situated in the middle of the Earth : Yama- 
Kort is situated to the Nast of Lanka, and Rowakaratrana to 
the west. The city of SippHarura lies underneath [DANKÁ. 
Numeru is situated to the North (under the North Pole,) and 
Vapavdnaua to the South of Lanxá (under the south Pole) : 

18. ‘These six places aro situated at a distance of one-fourth 
part of the Karth’s circumference cach from its adjoining one. 
So those who have a knowledge of Geography maintain. At 
Mero reside the Gods and the Smpnas, whilst at VADAVANALA 
are situated all the hells and the Dairyas, 

c2 
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19. A man on whatever part of the (ilobe he may he, 
thinks the Furth to be under his fect, and that he is standing 


up eight upon it; but two individuals placed at 90° from each 


other, funcy cach that the othor is standing in a horizontal 
line, as it were at right angles to himself, 

20. ‘Those who are placed at the distance of half the 
Karth’s circumference from cach other aro mutually antipodes, 
as a man oh the bank of a river and his shadow reflected in 
tho water: But as well those who aro situated at the distance 
of 90° as those who are situated at that of 180° from you, main- 
tain their positions without difficulty. They stand with tho 
same ease as we do here in our position. 

Positions of the Dwiras 21. Most learned astronomers have 
and Seas, stated that Jampdvwfra embraces the 
whole northern hemisphere lying to the north of the salt soa : 
and that the other six Dwíras and the (soven) Seas viz. 
those of salt, milk, &c. aro all situated in tho southern homis- 
phero, 

22. To tho south of tho equator lios the salt sea, and to 
the south of it tho sca of milk, whence sprung tho nectar, 
the Moon and the Goddess Laxsumí, and where the Omni- 
present Visuprva, to whose Lotus-fect Braumd and all the 
Gods bow in reverence, holds his favorite residence. 

23, Beyond the sea of milk lic in succession the seas 
of curds, clarificd butter, sugar-cane-jnice, and wino: aud, 
last of all, that of sweet Water, which surrounds VADAVÁNATA. 
The Péréta Loxas or infernal regions, form tho concave 
strata of the Earth, 

24. In those lower regions dwell the race of serpents (who 
live) in the light shed by the rays issuing from the multitude 
of the brilliant jewels of their cresis, together with the multi- 
tude of Asuras; and thoro the Sionas enjoy themselves 
with tho pleasing persons of beautiful femalos resembling the 
finest gold in purity. ' 

* 25. Tho Sdka, S'ÁLNALA, Kavs‘a, KBÁUNCHA, GOMEDAKA, and 
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? 
Prsnkara Dwíras gre situated [in the intervals of the above 
mentioned. seas] in regular alternation: each Dwipa lying, 
it is said, between two of these sdas. 

Positions of the Mpun- 26. To the North of Lanká lies 
ee A the Hisf.ava mountain, and beyond 
caused by the mountains., that the Ilemakýépa mountain and 
beyond that again tho Nisana monntain, ‘These three 
Mountains stretch from sea to sea. In liko manner to 
tho north of Srppiarura lie in succession the S’gincavin 
Sukua and Nfra monntains, To tho valleys lying between 
these mountains the wiso have given the name of Varstas. 

27, This valley which we inhabit is called the Buxrara- 
varsia; to the North of it lies the KinnarAvarsna, and 
beyond it again tho Hantvarsia, and know that the north 
of SibDHArURA in liko manner aro situated tho Kuru, Hiray- 
MAYA and Ramyaka Vansitas. , 

28. To tho north of Yaxakopi lios the Matyavin mountain, 
and to the north of RosaKararrana tlto GANDHAMADANA 
mountain. Thesd two monntains are terminated by the Niua 
and Nisuanima mountains, and the spaco between these two 
is called the In{vaira VARSHA. 

29, Tho country lying between the MALYAVAN mountain 
and the sea, is called the Buapeas’wa-varsia by the learned; 
and geographers have denominated the country between the 
Canpiawdpana and tho sea, the KETUMÁLA-VARSHA. 

30. Tho Iavarra-varsna, whieh is bounded by the 
Nisuapua, Nia, GANDTAMADANA and MALYAVAN mountains, is 
distinguished by a peculiar splendour. It isa land rendered 
brilliant by its shining gold, and thickly covered with tho 
bowers of the immortal Gods. 

Position of the mountain 31. In the middle of the Iu{varra 
ae ati Varsta stands the mountain Meru, 
which is composed of gold and of precious stones, the abode 
of the immortal Gods. Expounders of the Purápas havo 
further described this Meru to be tho pericarp of the earth- 
lotus whence Braxma had his birth. 
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32. The four mountains MANDARA, SUGANDHA, VIPULA and 
SurXrs'wa serve as buttresses to support this Merv, and upon » 
theso four hills grow severally the Kapamba, Jampé, Vara 
and Pirrata trees which are as banners on those four hills, 

33, From tho clear juice which flows from the fruit of the 
JAMBG springs the sawed-nApf; from contact with this jnico 
earth becomes gold; and it is from ‘this fact that gold is 
called sahpévapa: [this juice is of so exquisite a flavour that] 
the multitude of the immortal Gods and NSivowas, turning 
with distasto from nectar, delight to quaff this delicious 
beverage. 

34, And it is well known that upon those four hills [the 
buttrosses of Maru] are four gardens, (Isf) Cuarrraratia 
of varied brilliancy [sacred to Kusera], (uf) Nanpana 
which is tho delight of the Apsaras, (3rd) the Digrm which 
gives refreshmtnt to the Gods, and (th) the rosplendent 
VAIBHRASA, 

35, And in these gardens are beautified four reservoirs, 
viz. the Aruya, the Minasa, the Mandura and the S/wera- 
JALA, in duo order: and these aro the lakes in the waters 

‘of which tho celestial spirits, when fatigued with their 
dalliance with the fair Goddesses, love to disport themselves. 

36. Merv divided itself into three peaks, upon which are 
situated the three cities sacred to Vistinu, Braid and S‘tva 
[denominated Vatkunria, Braumarvura, and Karcsa), and 
beneath them are the eight cities sacred to Innra, Aan, Yama, 

- Nategita, Varuya, VAyu, S’asf, and Ys'a, [i, e. the regents 
of the eight Dixs or directions,* viz., the east sacred to 


è [As the point where the equator ents the horizon is the east, the sun 
therefore rises duc east at time of the equinoxes but on this ground, we 
canuot determine the direction at MrRU [tho north pole] because there the 
equator coincides with the horizon aud consequently the sun moves at Megy 
under the horizon the whole day of the equinox, Yet the ancient astronomers 
maintained that the direction in which the yaMakort lies from Meru is the 
east, because, according to their opinion, the inhabitants of Megu saw the 
aun rising towards the yamaxort at the beginning of the Katra., In the same 
manner, the direction in which LayxA lies trom mount Megu is south, that 

* in which Romakaratrana lies, is west, and the direction in which SippHa- 
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Inpra, the south-oast sacred to Aan, tho south sacred to 
Yaxa, the south-west sacred to Natrnita, the west sacred to 
Varuya, the north-west sacred to Vayu, the north sacred to 
S‘as'f and the north-cast sacred to Ys'a.] , 

Some peculiarity. 37, The sacred Ganges, springing 
from the Foot of Visuxv, falls upon 
mount Merv, and thence separating itself into four streams 
descends through tho heavens down upon the four Visukam- 
nas or buttress hills, and thus falis into the four reservoirs 
[above described]. 

38. [Of the four streams above mentioned], tho first 
called Sita, went to Branrss’wa-varsita, tho second, called 
ÅLAKANANDÁ, to Budeata-varsia, the third, called Ciaksiu, 
to KerumAta-varsna, and the fourth, called Buapra to Urrara 
Koru [or North Kuru]. . 

39. And this sacred river has so rare an’ efficacy that if 
her name be listened to, if she bo sought to be seen, if seen, 
touched or bathed in, if her waters be tasted, if her name 
be uttered, or brought to mind, and her virtues be celebrated, 
she purifies in many ways thousands of sinful mon [from 
their sins]. 

40. And ifa man make a pilgrimage to this sacred stream, 
tho whole line of his progenitors, bursting the bands [imposed 
on them by Yama], bound away in liberty, and dance with 
joy; nay even, by a man’s approach to its banks they repulse 
the slaves of Yama [who kept guard over them], and, escaping 
from Naraka [tho infernal regions], securo an abode in the 
happy regions of Heaven. 

PURA lies from Merv is north. The buttresses of MERU, MANDARA, SUGANDHA, 
Åe, aro situntod in the east, south &o, front MERU respectively, B. pd. nee 

Note on verses from 21 to 43 :-—BHASKARACHA’RYA has exercised his ingenuity 
in giving a vita on me earth to the poetical miaguialions of Vau, at tho 
samo time that he has preserved his own principles m regard to the forin and 


dimensions of the Earth. But he-himself attached no credit to what he -has 
desenbed in these verses for he concludes his recital in his commentary with 


the words, g 
wigqatt Ta va qeira | 
What is stated hore rests all on tho authority of the Pugáyas,” 
As much as to say “ oredat Judeus.” L, W. 
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Tho 9 xuasvas and 7 41. Here in this Brarata-varsna 
KULÁcHALAŞ of Bua’zata- are embraced the following nine KHAN- 
VARSIA, : i ; 

pas [portions] viz. Anpa, Kas'ery, 
Tamerararya, (apnasrimat, KUMARIKA, Nxow, SAUMYA, VARuya, 
and lastly GÁNDHARVA. 

42, In the Kum(nika almo is found tho subdivision of 
men into castes ; in the remaining KNANpAS aro found all the 
tribes of ANTYAJAs or outcast tribes of men. In this region 
[Budrata-varsua] are also seven kri (enatas, viz. the MAHEN- 
pra, Nokre, Maraya, Rixsusxa, Pdriydraa, the SANYA, and 
Vinvuya hills, 

Arrangement of the seven 43. The country to the south of 
Loxan worda: tho equator is called tho Budrtoxa, 
that to the north tho BuvvaKa and Meru [the third} is 
called the Swartoxa, next is the Mararioxa in the Heavens 
beyond this isthe Jawaroxa, then the Tarouoxa and last of 
all tho Saryanoxa. These rokas are gradually attained by 
increasing religious merits, 

44. When it is sunrise at Land, it is thon midday at 
~Yamaxopr (90° cast of Lankd), sunset at Stpuapura and 
midnight at Romakaparrana, 

Paine at tha ai 45. Assumo the point of tho 
why Merv is duo north of horizon at which the sun rises as 
ie the cast point, and that at which ho 
sets as the west point, and then determine the other two 
points, i. o, the north and south through the matsya* effected 
by tho east and west points. The line connecting the north 
and south points will be a meridian line and this line in 
whatever place it is drawn will full upon the uorth point: 
hence Meru lies due north of all places. 

A curious fact is rehearsed, ‘46. Only Yamakoqt lies due cast 
Geographical Anomaly. from Ussayrtf, at the distance of 90° 


* [From the cast and west points, as ccntres, with a common radius describe 

a two arcs, intersecting each other im two points, the place contnined by the 

area is called Matsya “a fish” and the intersocting points are the north and 
south points, B. D, j 
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‘from it: but LANKE and not Ussayinf lios duo west from 
|, YAMAKOTI. ' 

: 47. The same is tho caso cverywhero ; no place can lio west of 

‘that which is to its east except on the equator, so that cust 
‘and wost are strangoly related.* l 

48. A man situated on tho cqua- 
tor sees both the north and south 
poles touching [the north and south points of] tho thorizon, 
and the celestial sphere resting (as it were) upon tho two 
poles as contres of motion and revolving vertically over his 
head in the heavens, as the Persian water-whoel, 

49, As a man proceeds north 
from the equator, ho observes the 
constellations [that revolve vertically over his head when 
scen from the equator] to revolve obliquely, being deflected 
from his vortical point: and tho north polo clovated above 
his horizon. Tho dogroos between the polo and tho horizon 
are the degrees of latitudo [at the place]. Theso degrees 
aro caused by the Youanas [between tho equator aud tho 
place]. 

Ifow tho dogrecs of Inti- 50. The number of Yovanas [in ° 
tude aro produced from the tho arc of any terrestrial or colostial 
vico versa, circle] multiplied by 360 and divided 
by [tho number in Youanas in] tho circumferenco of tho 
circlo is tho numbor of degrees [of that arc] in tho carth 
or in the planetary orbit in the heavens, The Yosanas are found 
from the degrees by reversing the calculation. f 

51. Tho Gods who livo in tho 

Parallel ephere. mount Meru observo at their zenith 


\ Right sphere. 


Oblique sphero. 


[® As the sun or any heavenly body when it reaches the Prime Vertical 
of any place is called duo east or west, 6o according to the Hindu Astronomical 
language all the places on the Barth which are situated on the circle 
corresponding to the Prime Vertical aro duc cast or west from tho place and not 
those which aro situated on the parallel of latitude of the placo, that is, the 
places which have tho anglo of position 90° from any place aro due cast or 
west from that placo, And thus all, directions on the Earth are shown by 
means of tlie anglo of position in the Hindu Astronomical works. B. D.] 
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@ 
the north pole, while the Darryas in VapavAnata the south 
pole. But whilo tho Gods behold tho constellations revolving 
from left ‘to right, to tho Darryas they appear to revolve from 
right to left. But to both Gods and Dartyas the equatorial 

Zi ‘ a í e 
constellations appear to revolve on and correspond with tho 
horizon. l 

Dimensions of the Earth's 52. Tho circumference of the earth 
clronmnforeyice. has been pronounced to be 4967 
Yosanas and tho diameter of the samo has boon declared to 
be 15817, Yosanas in length: tho superficial arca of the Earth, 
liko the net onclosing tho hand ball, is 78,53,034 squaro 
Yosanas, and is found by multiplying the circumference by 
tho diameter.* ` 

p r ‘$ 

Tho error of Lolla is exe 9S l The superficial aroa of tho 
por in regard to the super- Warth, liko the net enclosing the 
lcial area of the Earth. ‘ 

P hand ball, is most crroncously stated 
by Laura: the true area not amounting to one hundredth 
put of that so idly assumed by him. His dimensions aro 
contrary to what is found by actual inspection: my charge of 
error thereforo cannot be pronounced to be rude and uncalled 
for. But if any doubt bo entertained, I beg you, O learned 
mathematicians, to examino well and with tho utmost impar- 
tiality whether tho amount stated by mo or that stated by 
him is tho correct one. [Tho amount stated by Lana in his 

* (The diameter and the circumference of the Earth hero mentioned are to 
cach other as 1250: 3927 and the demonstration of this ratio is shown by 
Brisxandcudnya in the tie manner, 

Take a radius equal to any large number, such as more than 10000, and 
through this determine tho sine of a smaller arc than even the 100th part of 
the circumference of the circle by the aid of the canon of sines (JYOTPATTI,) 
and tho aine thus determined when multiplied by that number which represents 
the part which tho aro just taken is of the circumference, becomes the length of 
circumference because an are smaller than the 100th part of the circumference 
of a circle is [scarcely different from] a straight line, For this reason, tho cir 
oumference equal to the numbor 62832 ia granted by ARYaDaATTA and the others, 
in tho diameter equal tothe number 20,000. Though the length of the circum- 
ference determined by eatracting the rquare root of the tenfold square of the 
diameter is rough, yet it ia granted for convenience by SRIDHABÁOIA BYA, BRAH- 


maaupta and the others, and it is not to, be supposed that they were ignorant 
of this roughness.—B. D,] 
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Q 
work entitled Dafygippirpa-ranrra is 285,63,38,557 square 
e Yoranas, which he appears to have found by multiplying tho 
square contents of the circlo by the circumference.] š 
Shows the wrongness of 94. If a picco of cloth be cut in 
tho Rule given by Talla, g circular form with a diameter eqnal 
to half the circumference of the sphero, then half of the sphero 
will be (entirely) covored by that circular cloth and thero will 
still bo some cloth to sparc. È 

55. As the area of this pieco of cloth is to be found nearly 
2} times the arca of a great circle of tho sphere: and the 
area of the pieco of cloth covering tho other half of the sphere 
is also the same ; * te Fev 

56. Thereforo the arca of the whole sphere cannot be more 
than 5 times the aren of the great circle of the sphere. How 
then has he multiplied [the arca of the great circle of the 
sphere] by the circumference [to get tho superficial contents 
of the sphere] ? 

57. As tho arca of a great cirelo [of the sphere] multiplied 
hy tho circumference is without reason, the rulo (thereforo of 
LALLA for tho superficial contents of tho sphore) is wrong, 
and the superficial area of the Earth (given by him) is conse- 
quently wrong. 

58, 59. Suppose the length of the 

[equatorial] circumference of the globe 
equal to 4 times tho number of sines [viz. 96, there being 24 
sincs calculated for every 3°ł, which number multiplied by 
4 = 96] and such oblong sections equal to the number of tho ' 
length of the said circumfcrence and marked with tho vertical 
lines [running from pole to polo], as thoro aro seen formed by 

_ naturo on tho Anwif fruit marked off by the linos running 
from the top of it to its bottom. 


* Lot the diameter of a sphere be 7: the circumference will be 22 nearly. 
The area of a circle whose diameter is 7 will be about 883 ; that of a circle 
whose diameter is 11 (} circumference) will bo about 89$ this 89% is little loss 
than 24 times 38}. L. W. f 
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60. Tf we detormine the superficial agca of ono of theso 
sectiuns by means of its parts, wo have it in this form. Sum of » 
all the sines diminished by half of the radius and divided: by 


the same.* ; 


® The correctness of this form is thus briefly fluatrated by BEA’SKARA'ONA'RYA 
in his commentary. 

Tet g aha, g bo thosection in which ab, b e, e d Ro, 
and @,b,; biln Cida &c. aro each equal to 1 cubit and 
also aa, ayo equal to 1 cubit: then bh, ce, ddy, do, 
are proportional to tho aines m b, # ¢, o d, &c. and are 
thus fouud, 

mb, 
If ka or rad: give, aa 1 (= 1) : : mb: ae 


na 
If Rad : 1: : no: ee, =—— 
Rad 

od 

again Red: 1 : aE 


ke. 

Now aa, bb, ce,, &c. being found, the contents of 
each of aa, b,b, LHA ¢,¢, ec, did, &o, the part of the 
rection is found by taking half the sum of aa, & bb, 
bb, & ce, cc, & dd, &e. and multiplying it by ab A 
(which is equal to each of be, ed, &e.) hore ab is assumed as 1 and the whole 
aurface cach of aa,b,b, bb,e,c as a plane, for an arc of 3¢3 is scarcely different 
from a plano. 

Now to find the sum of aa,b,b, bb,e,0 &e. wo have 

aa, i ı Fee, ct, + dd, 
; —x1l+ : —X14 — x 1+ ke, 


adding these and leaving out 1 multiplier, wo have 


aa, + bb ce, + dd, + &e. 
Substituting pe values of aa, bbn &e, a ee 


m ne 
i+ = + m t +> &e, s0 on for the assumed sines 


iR R 4R 
hit į} = SS a 
R R E 
Dy substitution we get 
+ mb 4 ne A 42 
R R R ü R 


Rẹ mb + ne + 0d dc .. mR 


—_ 
a 


R : 
It is evident from this that tha sum of al} the sines diminishod by tho half 
of tho Radius and divided by tho Radius is equal to tho contents of the upper 
half of the section, thoreforo by dividing by $ Rad we get the whole section 
inatead of only the upper half of it. 
sim of all the sines — 4 R. 


iR 


i, e. contents of the whole section = 


= Á. 
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61. As the superficial arca of one section thus determined 
is equal to tho diameter of tho globe, tho product found by 
nfultiplying the diameter by thé circumference has therefore 
been asserted to bp the superficial contents of, a sphere. 

Tho grand deluges or dise 62. Tho carth is said to swell to 
polntionts i tho extent of one Yosana equally all 
around [from the centre] in a day of Brans by renson of 
the decay of the natural productions which grow upon it: in 
the Brdama delugo that increase is again lost. In tho grand 
deluge [in which Buataa himself as well as al naturo fades 
away then] tho Earth itself is reduced to a stato of nonentity. 

63. That extinction which is daily 
taking place amongst created beings is 
called tho Datwanomna or daily oxtinction. Tho Brduma ox- 
tinction or doluge takos place at the end of Branad’s day: 
for all created beings are then absorbed in Brahmé’s body. 

Gi. As on the extinction of Branwa himself all things are 
dissolved into nature, wise men therefore call that dissolution 
the Praxpitixa or resolution into naturo. Things thus in s 
stato of oxtinction having their destinics severally fixed aro 
again produced in soparate forms when naturo is excited (by 
the Creator). 

65. The devout men, who have destroyed all their virtues 
and sins by a knowledge of tho soul, having abstracted their 
minds from worldly acts, concentrate their thoughts on the 


Aro four-fold. 


nas by substituting the valucs of the 24 sines stated in the Gaytta’pHa’ys’ 
we have 
A = 3044 viz. the diameter of the globe where the cirewnferenco = 96, I, W. 
[liere, the demonstration of the rule (multiply the superficial area of the 
sphero by the diameter and divide the product by 6) for finding out the solid 
content of the sphere is shown by Bita'skana CHa kya in the following manner, 
Suppose in the sphere the numbor of pyramids, the height of which is equal 
to the radius and whose bases are equares having sides equal to 1, equal to the 
number of the superficial area of the sphere, then 
The solid contents of every pyramid = } R. 
= 4 diameter 
and the number of pyramids in the sphore is equal to the number of the 
superficial contents of the sphere. ; 
.*. The solid content of the sphere = 4 diameter x superficial srea.—B.D.] 
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Supreme Being, and after their death, as thay attain tho stato 
from which thero is no return, the wiso men therefore denomi- 
nate this state the Atyantixa‘ dissolution. Thus the dissolu- 
tions ore four-fold. i 

66. Tho earth and its mountains, 
the Gods and Danavas, men and 
others and also the orbits of tho constellations and planets 
and tho Loxas which, it is said, aro arranged one above tho 
other, .are all included in what has been denominated tho 
Braumdnpa (universe). 

Dimensions of the Baan. G7. ‘Some astronomers havo assert- 
MANDA. ed tho circumference of the circle of 
Hoavon to bo 18,712,069,200,000,000 Yosanas in length. 
Some say that this is the length of tho zone which binds tho 
two hemispheres of the Braumdypa. Somo PaurdyrKas say 
that this is the'longth of the circumference of the LoKxLOKA 
Panvata.* 


The universe. 


r 


# Vide versos 67,68,69, Brra’sKaRA’cra RYA docs not answer tho objection which 
these verses supply to his theory of the Kurth being tho centre of the system. 
The Sun is hero made the principal object of the system—the centre of the 
‘BrauMa'Npa—tho centre of light whoso boundary is supposed fixed: but if the 
Sin moves then tho Hindoo Brawata’Npa must be supposed to bo constantly 
changing its Boundaries. Subbuji Bápú had not failed to uso this argument in 
favour of the Newtonian system in his S'1zomayt Praxa‘s’a, vido pages 65, 56, 
Bna‘axara‘cua’rya however denies that he can father the opinion that this is 
the length of the circumference limiting the BRauma’Npa and thus saves him- 
self from a difficulty. L. W. 

(Mr. Wilkinson has thus shown the objection which Subbije Bapé made to 
tho assumption of the Sun's motion, but I think that the objection is not a 
judicious one. Because had the length of the circumference of the BrauMa'Npa 
been changed on account of the alteration of the boundary of tho Sun's light 
‘with him, or had any sort of motion of the stars been assumed, as would lave 
been granted if the carth is supposed to bo fixed, thon, the inconvenience would 
have occurred ; but this is not tho case. In fuct, as we cannot fix any boundary 
of the light which issued from the aun, the stated length of the cireumferenco 
of tho BranmAnna is an imaginary one. For this reason, BIrÁSKARÁCHÁRYA 
docs not admit this stated length of the circwmferonce of tho BRAHMA’NDA. 
He stated in his Gayrra’puyaya’ in the commentary on the verse G8th of this 
Chapter that “ thosc only, who have a perfect knowledge of the Bratma‘Npa 
as they havo of an a’xvata’ fruit held in thoir palm, can say that this length of 
the ciroumforence of the BrauMa’Npa is the true one;” that is, as it ie not in 
man’s power to fix any limit of the Beanna’npa, the said limit is unreasonable. 
Therefore no objection can be possibly mada to the system that the Sun moves, 
by assuming such av imaginary limit of the Brasadwpa which is little less 

* impossible than the existence of the heavenly lotus.—B. D.] 
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68. Those, hoyvever, who havo had a most perfect mastery 
of the clear doctrine of tho sphero, have declared that this is 
the length of that circumference bounding tho limits, to which 
the darkness dispelling rays of tho Sun extend. 

69° But let this be tho length of the circumference of the 
BraumAyva or not: [of that I havo no suro knowledge] but it 
is my opinion that cach planct traverses a distanco correspond- 
ing to this number of Yosanas in the course of A KALPA or 
a day of Brauma and that it has been called tho Kitakaksud by 
tho ancients. 

End of third Chapter called the Bauvana-kos’A or cosmo- 


graphy. 


CHAPTER IV. 
CALLED ÑIADHYA-GATI-VASANK., ° 


On the principles of the Rules fpr finding the mean places of 
the Planets. 

Places of the several l. Tho seven [grand] winds have 
pinde; thus been named : viz — 

Ast. Tho Avaha or atmosphere. 
2nd. The Pravaha beyond it. 
3rd. Tho Udvaha. 

Ath, The Samvaha. 

5th. The Suvaha. 

6th. The Parivaha. 

7th. Tho Parávaha, 

2. The atmosphere extends to tho height of 12 Yoranay 
from the Earth; within this limit are tho clouds, lightning, &. 
Tho Pravaha wind which is above the atmosphere moves con- 
stantly to the westward with uniform motion. 

8, As this sphere of tho universo includes the fixed stars 
and planets, it therefore being impelled by the Pravaha wind, 
is carried round with the stars and pluncts in a constant 


revolution. 
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An illustration of the 4. The Planots moving castward 
motion of me planets. in tho Icavens with’ a slow motion, 
appear as if fixed on account of the rapid motion of the sphone 
of the Heavens to the west, as insocts moving reversely,on a 
whirling pottor’s whecl appoar to be stationary [by reason 


of their comparatively slow motion]. i 
Sidercal and terrestrial ©. Ifa star and tho Sun riso simulta- 
days and thlir lengths, ncously [on any day], the star will 


riso again (on the following morning) in 60 sidereal anapixás ; 
the Sun, however, will riso later by the number of asus (sixths 
of a sidereal minuto), found by dividing the product of the 
Sun’s daily motion [in minutes] and the asus which tho sign, 
in which the Sun is, takes in rising, by 1800 [the number of 
minutes which cach sign of tho ccliptic contains in itself]. 

6. Tho time thus found added to tho 60 siderval amatixis 
forms a truo térrestrial day or natural day. ‘Tho longth of 
this day is variable, as it depends on tho Sun’s daily motion 
and on the time [which different signs of tho ecliptic take] 
in rising, [in differont latitudes: both of which are variable 
olemonts].* 


® [Mad the Sun moving with uniform motion on the cquinoctial, the 
cach minute of which rises in oach asr, the number of asus equal to 
the number of the minutos of the Sun’s daily motion, being added to 
the 60 sidereal QuaTikas, would havo invariably made tho exact length of the 
true terrestrial day as Latza and others say. But this is not the caso, because 
the Sun moves with unequal motion on the ecliptic, the equal portions of which 
do not risv in equal times on account of its being obhquc to the equinoctional. 
Therotore, to find the exact length of the truo terrestrial day, it is necessary to 
determine the time which the minutes of the Sun’s daily motion take in rising 

“and then add this time to 60 sidereal Gaatixa’s. For this reason, the terres: 
trial day dotermined by LALLA and others is not a true but it is a mean, 

Tho differenco between the obliquo ascension at the beginning of any given 
day, and that at the ond of it pr at tho beginning of the noxt day, is the time 
which the minutea of the Sun's motion at tho day above alluded to take in 
rising, but as this cannot bo easily determined, tho anciont Astronomers having 
determined the periods which the signs of tho ccliptic take in rising at a given 
place, find the time which any portion of a givon sigu of tho ecliptic takes in 
rising, by the following proportion. K 

If 30° or 1800’ of a sign: take number of tho asus (which any given sign 
of tho ecliptiv tukos) in rising ot a given place : : what time will any portion of 
the sign above alluded to take in rising ? 

The calculation which is shown in the Gth verso depends on this proportion.— 


B. D.] 
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Revolutions of the Sugin e Å sidereal day consists invari- 

year are less thaw the ably of 60 sidercal aHAȚiKAS: a mean 
on Gaur N day of the Sun or terrestrial 
uy me of that time with an addition of the number of 
sus eyual to the number of the Sun’s daily mean motion 
in minutes]. Thug tho number of terrestrial days in a year 
s less by ono than the numbor of revolutions mado by tho 
fixed stars. : 

8. Tho length ofthe (solar) year is 
365 days, 15 auaqtixds, 30 raras, 224 
riPALAS reckoned in Batmi sXvANA or terrestrial days: The 
rsth of this is called a saura (solar) month, viz. 30 days, 26 
uuATIKAS, 17 patas, 31 virALAS, 524 PRAVIPALAS. Thirty 
SÁVANA or terrestrial days make a sX{vANA month.* 

Length of lunar month 9. The time in which the Moon 
eee [aftor being in conjunetion with tho 
Sun] completing a revolution with the difference betweon tho 
daily motion and that of the Sun, again overtakes the Sun, 
(which moves at a slower rate) is called a Lunar month. It is 
29 days, 31 Gratis, 50 raras in length.t 

The reason of additive 10. An ApuimAsa or additivo month 
months called ADHIMA’sA8. = Which is lunar, occurs in the duration 
of 324 saura (solar) months found by dividing tho lunar month 


Length of solar year. 


by the difference botween this and the saura month, From. 


* (Here a solar year consists of 365 days, 16 autaqtxds, 30 Patas, 224 


Vrpatas, i. ©. 365 d. 6 &. 12 m. 9 a. and in SGrya-srppaa‘wrTa the length of the 
year is 365 d. 15 g, 31 p. 31. 4 v. i, e, 365 d. 6 h. 12 m. 36, 56 ¢.—B, 1),] 


[t That lunar month which ends, when the Sun is in Mesma stellar Aries is 
enled cHaiTRa and that which terminates when the Sun is in vatsansa stellar 
Taurus, is called Vais‘axeta and so on. Thus, the lunar months corresponding 
to the 12 stellar signs Mesma (Aries) VatsHanita (Taurus) Mrrauna (Gemini) 
Karga (Cancer), Sınma (Leo), Kanya’ (Virgo), Tuna’ (Libra), Vais‘curca 


io), Dumanu (Sagittarius), Makara (Capricornus), Kumana (Aquarius) _ 


(Sco 

and Mina (Pisces), are CHAITRA, VAIS'A'RKHA, JYESHTEA, A’ata’pita S’RA‘vANA, 
Bua’prapapa, A’s‘wina, Ka’rtika, Ma’acas’fusua, Pavsia, Ma’ana, and 
Paazyauna. Iftwo lunar months terminate when the Sun is onls in one stellar 
sign, the second of these is called Apurwa‘ss an additive month, The 30th 
part of a lunar month is called Tithi (a lunar day).—B. D.] 
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e 
this, the number of the additive months in a KALPA may also 
be found by proportion.* 

11, As a mean lunar month is shorter in length thaw a 
mean saurA month, the lunar months aro therefore mote in 
numbor than tho saurain a ranra. The differonce between tho 
number of lunar and saura months in ,a KALPA is called by 
astronomers the number of Aputwasas‘in that period. 

Tho veaton of subtractive 12. An avama or subtractive day 
ayy erase which is sAVANA occurs in 64,1, TITHIS 
(limar days) found by dividing 30 by tho difference between 
the lunar and s{vana month. Krom this, the number of avaws 
in a Yuga may be found by proportion.t 

13.¢ Ifthe Apmmr{sas aro found from saura days or months, 
then the rosult found is in tho lunar months, [as for instance 
in finding the Anaryana. Ifin the saura days of a KALPA: aro 


e 


* [Aftor the commencement of 2 YUGA, a lunar month terminates at tho 
end of Amava’sya’ (new moon) andes saura month at the mean VuIsHaBita- 
SANKRA/NTY (i, ©. when the mean Sun enters the second stellar sign) which takes 
place with 64 g. 27 p. 31 v, 62} p. after tho new moon. Afterwarda a second lunar 
month ends at the 2nd new moon after which tho MrrnuNa-sanKra‘NTt takes 
placo with twice tho Ghatis. &c. aboro mentioned. Thus the following Sax- 
KRa/NTIS KARKA &c. take placo with thrice four times &e, those Guapis, &e. In 
this manner, when the Sanxra’n71 thus going forward, nguin takes place at new 
moon, the number of tho passed Junar months excoeds that of the savka by one, 
This one month is called an additive month: and the saura months which an 
additive month requires for its happening can be found by the proportion as 
follows. 

As 5i ghalis, 27 p. ke. tho difference between a lunar and a saura 

: Ono saura mouth 

: : 29, 31, 50 the numbor terrestrial dny &o, in a lunar month 

: 32, 15, 31, &e. t'o number of saura mouths, days, &¢.—B, D.] 


+ [At the beginning of a KALPA or a yuGa, the terrestrial and lunar 
days begun sitnultaneously, but the lunar day being loss than the terrestrial day, 
terminated before the end of tho terrestrial day, i, e. before the next eun-rise. 
The interval between the end of the lunar day and the next sunrise, is called 
Avama-8’estra tho remainder of the subtractive day. This remainder increases 
every day, therefore, when it is 60 GHarreds (24 hours), this constitutes a 
Avama day or subtractive day. The lunar days in which a subtractive day 
occurs, are found by the following proportion. 

If 0 d. 28 g. 10 p. the difference between the lengths of terrestrial and of a 
lunar month. 

: 1 lunar monthor 80 tithis ° 

:: a whole terrestrial day : 64-,,tithis nearly.—B, D.) 


t The objects of these two verses scems not to be more than to assert that 
the fourth term of a proportion is of the same denomination as the 2ud,—L, W. 
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so many ADMIMAgs :: then in given number of solar days; 
how many Avn Asas ?] If the Apumdsas åre found from 
lugar days or months, then the result isin saura months, and 
the Mamaindor is of the like denomination. ; 

14. [In like mamor] tho avawas or subtractive diys if 
fonnd from lunar days, are in sfvana time: if found from 
sivANA time they are lunar and the remainder is so likewise. 

15. Why, O Astronomer, in find- 
ing the Anagaaya do you add sauna 
months to the lunar months Cuarrra &e. [which may have 
elapsed from the commencement of the current year] : and 
tell mo also why the [fractional] remainders of Avuimasas and 
Avama days are rejected: for you know that to give a truo 
result in using the rule of proportion, remainders should he 
taken into account ? 


A question, 


Reason of omitting to in- 16.* As the lunar*nonth ends nt 
clude tho Apnmása s'xsua the chango of tho Mom and tho 
in finding the AUARGAYA. f ; 

SUARA month termmates when the Sun 
enters a stellar sign, the accumulating portion of an ADHIMAsA 
always lies after cach now Moon and befure the Sun enters the 
sign, 


* (The meaning of theso 4 voraes will be well understood by a knowledge of the 
rule for finding the A UARGANA, we therefore show the rule here, 

Tn order to lind the AtaRGaNa (elapsed terrestrial days from the commence- 
ment of the Karpa to tho required time) astronomers multiply the number of 
SAUNA years expired from the beginning of the Karea by 12, aud thus they yet 
tho number of savra months till the last Mesna Sanxeanrt (that is, tho time, 
when the Sun enters the 1st sign of the Zodiac called Aries.) ‘To these months 
they add then the passed lunar months CILAITRA &e., considering thom as sauga. ’ 
These sausa months become, up to the time when the Sun enters the sign of the 
Zodiac corresponding to the required lunar mouth. They multiply then the num- 
ber of these months by 30 and add to this product the number of the passed 
Tirnis (lunar days) of the required month considering them as savna days, Tho 
number of saura days thus found becomes greater than that of those till the 
end of the required t1rH1 by the apurMasa 8’grita, To make these SAURA ne 
lunar, they determine the elapsed additive months by the proportion in the 
following manner eee 

As the number of sauna days ina Kara . 
: the number of additive months in that period 

z: the number of AURA days just found 
: the number of additive months elapsed 
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17. Now the number of trrims (lunar days) elapsed since 


tho chango of tho Moon and supposed as if saura, is added to 
tho number of saura days ffound in finding the AuARcaNe} : 
but as this number exceeds the proper amount by the quantity 
of tho Apmimasa-s'esHa therefore tho ADHIMÁS-SESHA is omit- 
ted [to bo added]. 

18, [In tho same manner] thero is always a portion of a 
Avama-s‘esua between the timo of sun-rise and tho end of tho 
[preceding] Trur. By omitting to subtract it, the Ararcaya 
is found at tho time of sun-riso: if it wore not omitted, tho 
Anarcaya would represent tho timo of the end of the trun 
[which is not required but that of tho sun-rise]. 

r OEE REE A 19, 20, 21 and 22. As tho tme, 
called the Upaváwraga terrestrial day is of variable length, the 
SS Amnaraasa has been found in mean 
terrestrial days: tho places of the plancts found by this 
Anargaya when rectified by tho amount of the correction 
called the Upaydnrara whether additive or subtractive will be 
found to be at tho time of sun-rise at Lanx4.* The ancient 


If these additive months with their remainder be added to the sauga days 
above found, the sum will be the number of lunar daysto the end of the sauRa 
days, but we require it to the end of the required rrra#t, And as the remainder 
of the additive months lies between the end of the rirut and that of its corres 
sponding AURA days, they therefore add the whole number of Aput-3t4sas just 
found to that of the sauga days omitting the remainder to find the lunar days 
to the ond of tho requirod rrr. Moreover, to make these lunar days terrestrial, 
they determine Avaata subtractivo daya by the proportion such as follows. 


As the number of lunar days in a KALPA 
* the number of subtractive days in that period 
: : the number of lunar days juat found 
: the number of Avasta clapsed with their remainder, 


If these AvAMAS be subtracted with their remainder from the lunar days, the 
difference will be tho number of the Avama days clapsed to the ond of the requir- 
ed TITRI; but it is required at the time of sun-rise. And as the remainder of the 
subtractive days lies between the end of the TITRI and thesunerise, they therefore 
subtract the Avaxas above found from the number of lunar days omitting their 
SES i 0, ÅVAMA-8’ESHA. Thus the AHABGANA itself becomes at the sun- 
Tiam D. V, 


~e- [If the Sun been moving on the equindbtial with an equal motion, tho 
terrestrial day would have been of an invariable length and consequently the 
Sun would have reached the horizon at Laxxd at the end of the AHARGANA 
which is an enumeration of the days of invariable length that is of the mean 
terrestrial days. But the Sun moves on the ecliptio whose equal parts do not 
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Astronomers have got thus rectified the places of the plancts 
by this correction, as it is of a variable and small'amount. 

e difference between the number of asus of the right 
ascenyon of the mean Sun [found at tho end of the Auagaaya] 
and the number of asus equal to the number of minntes of 
the mean longitude of tho Sun [found at tho samo timo] is 
tho difference betweon fhe true and mean ararcayas.* Mul. 
tiply this difforeuco by tho daily motion of the planet and 
divido the product by the number of asus in a nycthemeron.+ 
The result (thus found] in minutes is to be subtracted from 
the places of the planets, if the asus [of tho right ascension 
of the mean Sun] fall short of the xai{s or minutes [of tho 
mean longitude of the Sun], otherwiso the result is to be 
added to tho places of the planets. Instead of tho right as- 
cension, if obliquo ascension bo taken [in this calculation] 
this Upayanrara correction which is to be eapplicd to the 
places of the planets, includes also the cHARA correction or 
tho correction for the ascensional difference. 

Reason of the correction 23. The places of tho plancts 
called the Das‘a'ytTaBs. = Which are found being rectified by 
this Upavantara correction at the timo of sun-riso at Lanka‘ 
may bo found, being applied with tho Desantara correction, 
at the timo of sun-riso at a given place. This DESANTARA 
correction is two-fold, one is east and west and the other 


rise in equal periods, For this reason, the Sun does not come to tho horizon at. 
Lawra’ at the end of the AnarGana. Therefore the places of the planets 
determined by the mean AmARdaya, will not be at the sun-rige at Lanxa’. Hence * 
a correction is necessary to be applied to the places of the planets. This 
correction called UpaxAntana has been first invented by Batsuagacnduya who 
consequently abuses them who say that the places of the planets determined by 
the mean AHARGAyA become at the time of the sun-rise at Lanxé.—B, D.] 


# The difference between the mean and true AHARGANAS is that part of 
the equation of time which is due to the obliquity by the ecliptic—L. W. 
t [This calculation is nothing else than the followipg simple proportions 
If the number of Asus in a nycthemeron . 
: daily motion of the planet 
s: tho difference between the true and moan AHARGANAS 
givo—B. D] ° 
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ig north and south, This north and south correction is called 
CHARA,  ' | 

24. The line which passes from Lanxi, Ujjayi, Kyau. 
xeHErkAund other places to Merv (or the North Pole Æf tho 
Karth) has been denominated tho Mapnvarexai mid-lino of 
the Earth, by tho Astronomers. Tho sun rises at any placo 
cast of this line before it rises to that line : aud after it has risen 
on the fine at places to its west. On this account, an amount 
of the correction which is produced from tho difference be- 


tween the time of sun-rise at the mid-line and that at a given | 


place, is subtractive or additive to the places of the planets, 
ay tho given pluco be cast or west of the mid-line [in order 
to find the places of the plancts at the time of sun-rise at the 
given place]. 

25. As tho [small] circle which is described around Merv 
or North Pole uf tho Marth, at the distance in Yosanas reckon- 
ed from Meru to given place and produced from co-latitude 
of tho place [as mentioned in tho verso 50th, Chapter IIT] 
is called roctified circumference of the Marth (parallel of latitude) 
[at that place] therefore [to find this rectified circumference], 

* tho circumfcrenco of the Earth is multiplied by the sine of co- 
latitude [of the given place] and divided by the radius. 

End of 4th Chapter culled Mapya-Gatr Vasana. 


* This amount of correction is determined in the following manner. 

Tho yosanas between the midline and the given place, in the parallel of 
* latitudo at that place, which ia denominated Srasmra-PaRrDul ara called, 
¢ Des'a’xTana YouANad of that place. Then by the proportion. 

Aa the number of youaNas in the SrasutTa-Pakipur: 60 GHATIKAS: : DESA'N- 
TARA YOTANAS: the difference between the time of sun-riso at midline and that 
at a given place, This difference called Dgs’a’NTaRa GHATIKA’S is the longitude 
in time east or west from Lanka’, Again 

As GO onatixa’s: daily motion of the planet: : DEGANTA’BA GHATIKA'S: 
the amount ot tho correction required. 

Or this amount can be found by using the proportion only once such as follows 
‘eva tho number of yosanas in the Srasupa-PaRiDHI: daily motion of tho 
planet: : Des‘Antag\ Yosanas: tho same amount of the correction above 
fouud.— B. D.] 
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CHAPTER V. 


Duo principleg on which the Rulea for fining the true 
places of the Planets are grounded. 


» 1. The plancs of a Sphere are 
intersected by sines of bithsa and 
KOȚI,* as a piece of cloth by upright and transverse threads, 


Before describing the spheric, I shall first explain tho canon 
of sines. 


2. Tako any radius, and suppose it the hypothenuse (of 


a right-angled triangle). The sine of suusa is the base, and 
the sino of kopr is the squaro root of the difference of the 
squares of the radius and the base. The sincs of degrees of 
witvsa aud Kopi subtracted separately from the radius will 
bo the versed sincs of kopr and BHUJA (respectively). 


On tho canon of sines. 


[* The snusa of any given arc is that aro, Jess than 90% the sine of which 
is equal to tho sine of that given arc, (the consideration of tho positiveness and 
negation of the sino is hero neglected), For this reason, the nuvsa of that 
are which terminates in the odd quadrants i. e. the Ist and 3rd is that part 
of the given nre which falls in tho quadrant where it terminates, and tho 
Bursa of the are which ends in the evon quadrants, i. o in the 2nd and 4th, 
ia that arc which is wanted to complete the quadrant where tho given aro is 
ended, 

The Kopt of any aro is the complement of the Birusa of that are.. 


P a Py 


Tet tho 4 quadrants of a circle 
ABCD be successively A B, B 
C, CD and D A, then tho BUUJAS 
of the ares AP,, ABP,,ACP,, 
A D P, will ba A P,,C P,, C P,, 
A P, and tho complements of 
theso unusas aro the arcs B P,, 
B Pa D Pa D P, respectively, — 
B. D.] 8 


. subtracting both sides fromR’, 
R’ 8 


m 


136 Translation of the , [V. 3. 


¢ 

3. The versed sino is like the arrow igtersocting,the bow 
and the string, or the arc and the sine,* 

The square root of half the square of the radius is om 


of an are of 45°, The co-sino of an arc of 45° is of thofamo 


length as the sine of that are. 


* These methods are grounded upon the following principles, written by 
BHAʻBKARA'ONARYA, in the commentary VASANA’-BHA’SHYA. 


(1) Let tho aro A B = 90° and A C= 4 
45e 


*, AD (=} A B) = sin, 46°; and let 
Ọ AorO B =the radius (R) then A B? 
=04' 40B =20A=2R? 

AB = 4/2 Ri 


and AD =} A B = a/R 
2 
i R? 
» 450 = ue s 
orsin Ji 
t 


(2) Tt is ovident and stated also iù tho Lrra’varr, that the sidoof a regular 
hexagon is equal to the radius of ita circumscribing cirelo (i. e. ch. 60° = R), 
Hence, sin. 30° = } 

(3) Let A B be the half ofa given aro A P, whose sino P M and versod sine 
A Mare given. Then ; 


AP=V PM FAM = 
and} A P= AN =sin. AB 

sin, A B=} VPM PAM 

(4) The proof of the m mothod by Algebra 


cos == R — vers Bine 
^ cos’ = R —2R.o to? 


—C38* = 2 R . v —o 
or sin.’ = 3 R. n — o’ 
adding v‘ to both sides 
sin.’ dẹ o'=- 2R. v 
and $ (sin? sha v‘) =}ġ R.v 
extracting the square root, 


t/i t= aiB. 


~~but by the preceding method A 


t faint 4 o = the sino of half the given are; 


“e ain, $ are = J +R.e—B, D.] 
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4; Half the adius is the sine of an arc of 30°: The 

co-sine of an arc of 30° is the sine of an arc of 60°. 
ne the root of the sum ofthe squares of the sine and 
versed sine of an arc, is the sine of half that arc. 

5. "Or, tho sine of half that arc is tho square-root of half 
the product of the radius and the versed sine. 

The sines and co-sizfes of the halves of the arcs before found 
may thus be found to any extent. » 

6. Thus a Mathematician may find (in a quadrant of a 
circle) 3, 6, 12, 24 &c., sines to any required extont.* 

Or, in a circle described with a given radius and divided 
into 360°, the required sines may be found by measuring their 
lengths in digits. 

Reason of correction which T.t As tho centre of tho circle of 


i . t . i . a ° 
fet ie Geen nee! ata tho constellation of the Zodiac coin- 


planet. cidos with the centre of the Karth: 


* (When, 24 aines are to be determined in a quadrant of a circle, the 8 sines, 
i. e. 12th, 8th and 16th, can be easily found by the method here given for finding . 
the sincs of 459, 30°, and tha complement of 30°, i.e. 6U°. Then by means 
of these three sines, the rest can be fonnd by the method for finding the sine 
of half an are, as follows. Fiom the 8th sine, the 4th and the co-sine of the 4th 
i. e., the 20th sine, can be determined. Again, from the 4th, the 2nd and 22nd, 
and from the 2nd, the lat and 23rd, can be found. In liko manner, the lUth 
14th, 5th, 19th, 7th, 17th, 11th, and 13th, can also be found from the 8th mne. 
From the 12th again, the Gth, 18th, 8rd, 21st, 9th and 15th can be determined, 
and the radius is the 24th sine. Thus all the 24 sines are found. Several 
other methods for finding the sines will be givon in the sequel.— B, D.) 


[t Bua’sxana’cHa RYA maintains that the Earth isin the centre of the 
Universe, and the Sun, Moon and the five minor planets, Mars, Mercury, &c. 
revolve round the Earth in circular orbits, the centres of winch do not coincide 
with that of the Earth, with uniform motion. The circle in which a planet 
revolves is called PRATIYRITTA, or excentric circle, and a circle of the same size, 
which is supposed to have the same centre with that of the Earth, is called 
Kaxsua'veirta or concentric circle, In the circle, the planet appears to revolve 
with unequal motion, though it revolves in the excentric with equal motion. 
The place where the planet revolving in the excentrio appears in the concentric 
is ite true place and to find this, astronomers apply a correction called MANDA- 
PHALA (lst equation of the contre) to the mean place of the planet. A mean 
planet thus corrected is called mawpa-sPasnta, the circle in which it revolves 
MANDA-PRAT{VRITTA (lst excentric) and its farthest point from the centre gf the 
concentric, MANDOOHOH (lst higher Apsis). As the mean places of the Sun and 
Moon when corrected by 1st equation become true at the centre of the Earth, 
this correction alone is sufficient for them. But the five minor planets, Mars, 
Mercury, &c. when corrected by the 1st equation sre not true at the centre of 
the Earth but at another place, For this reason, astronomers having assumed , 


—_— 
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¢ 
and the centre of the circle in which the planct revolves does 
not coincido with the centre of the Earth: the spectator, 
therefore, on the Earth does rot find the planet in its m 
place in the Zodige. Hence Astronomers apply the corrgttion 
called BHUJA PHALA to the mean place of the planet [to get 
tho true place]. : 

Mode of, illustration of 8. On the northern side of a wall 
Hh above: ts running duo east and west, let the 
teacher draw a diagram illustrative of the fact for the satis- 
faction of his pupils. 


A verse to encourage those 9. But this science is of divine 


who may be disposod to de- e ; . 
spond in BES ofthe Origin, revealing facts not cognizable 


diflculties of the scionce, by the senses. Springing from the 


the concentric circle as second excontriv of those five planets, take another 
circle of the same size and of the samo centre with tho Earth as concentric, and 
in order to find the placo where the planet revolving in the 2nd excentrio 
appears, in this concentric, they apply a correction called s’faHRa-PHALA, or 2nd 
equation of the centre, to the mean place corrected by the 1st equation. Tho 
MANDA-SPASHTA planet, when correetéd by the 2nd cquation is called s’rasnra, 
or true planet, the 2ndexcentric, S'ÍGHRA-PRATIVRTTTA, and its farthest point from 
the contre of tho Earth, s’1eHRocuca the 2nd higher Apsis. 

If a man wishes to draw a diagram of the arrangement of tho planets accord- 
ing to what we have bricily stated here, ho should first describe the excentrio 

„Circle, and through this excontris the concentric, and then he may determino 
the placo of the Marpa-sPasura planet in the concentrio thus desertbed, Again, 
having assumed the concentric aa 2nd excentric and described tho concentric 
through this 2nd excentric, he may find tno place of the true planet. This is 
the proper way of drawing the diagram, but astronomers commonly, having 
first described the concentriv, and, through it, the excentric, find tho corrected 
mean place of the planet in the concentric. After this, having described tho 
2nd excentric through tho same concentric, they find the true placo in the 
concentric, through the corrected mean place in the same. ‘These two modes 
of constructing the Giagram differ from each other ouly in tho respect, that in 
“the former, the concentric is drawn through the excentric circle, andl in the latter, 

. the exeentrio is drawn through the concentric, but this can easily be understood 
that both of these modes are equivalent and produce the samo result. 

In order to find the 1st and 2nd equations through a different theory, astro- 
nomers assume that tho centre of a small circle called NÍCHOCHOHA-VRITTA oF 
epioyole, revolves in the concentric circle with tha mean motion of the planet 
and the planet revolves in the epicycle with a reverse motion equal to the mean 
motion. Bua’sxaka‘cua’ERyYa, himself will show in the sequel that the motion of 
the planet a tho aame in both these theorivs of excentrics and opicycles. 

observed here that, in the case of the planets Mars, Jupiter and 

Saturn, the motion in the excentric is in fact their proper revolution, in their 

orbite, and the revolution of their s'I¢HRocHORA, or quick apogee, corresponds to 

a revolution of the Sun. But in the case of the planets Mercury and Venus, 

the revolution in the excentrio is performeti in the same time with the Sun, and 


. the revolutions of their s'rennocucuas are in fact their proper revolutions in 


their orbits.—B. D.) 
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supreme BRAHNA þimself it was brought down to the Earth 
by Vastsuqua and other holy Sages in regular succcssion ; 
igsi it was deemed of too secret a charactor to be divulged 
to men or to tho vulgar. Hence, this is not to bo communi- 
cated‘to those who revile its revelations, nor to ungrateful, 
evil-disposed and bad men: nor to men who take up their 
residence with its professors for but a short time. Those 
professors of this science who transgress theso Umitations 
imposed by holy Sages, will incur a loss of religious merit, and 
shorton their days on Earth. 

Construction of a diae 10 P tho first place then, de- 
gram to illustrato the ox- scribe a circlo with tho compass opened 
eenia DALET, to tho length of tho radius (3-438). 
This is called the xkaksnavgirra, or concentric circlo; at tho 
centre of tho circle draw a small sphere of the Earth with a 
radius equal to ,',th* of the mean daily motion of tho planet. 

11. In this concentric circle, having marked it with 360°, 
find the place of the higher apsis and that of tho planet, 
counting from tho Ist point of stellar Aries; thon draw a 
(perpendicular) diameter passing through the centre of tho 
Earth and the higher apsis (which is called UCHCHA-REKAÁ; 
the line of the apsides) and draw another transverso diamoter 
[perpendicular to the first] also passing through the centre. 

12, On this line which passos to the highest apsis from the 
centre of the Earth, take a point at a distanco from the Earth’s 
centro equal to tho excentricity or tho sine of the greatest 
equation of the centre, and with that point aa centre and the 
radius [equal to the radius of the concentric], describe the 
PRATIVRITTA or excentric circle; the UCtICHA-REKHA answers 
the like purpose also in this circle, but make the transverse 
diameter different in it. 

- 


© All the Hindu Astronomers seem to coincide in thinking that the horizontal 
parallax PARsMA-LaMBANA Of all the planets amounts to a quantity equal te 
path of their daily motion.—L, W.” 
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13 and 14.* Where tho ucHCHA-REKHA.perpendicular dia. 
meter (when produced) cuts the excentrio oircle, that is the . 


s Fig, 1, A 


Cc 


{ In fig. let let E be the centre of the concentric circle A B O D, the place 
of the stellar Ariea, A that of the higher apeis, and M that of the mean planet 
in it: then E A will be the ucacna-rexna (the line of the apsides). Again 
let E O be the excentricity and H F I; G the excentrio which has O for its 
centre; then H, T P, will be the places of the higher apsis, the stellar Aries 
and the planet respectively in it. Henoe H P will be the KENDRA; P K the 
sine of the xenpRa; P I tho co-sine of the KENDRA, 

wren" THS KENDRA Which is more than 9 signs and’Jese than 3 is called MRIGADI 
i. e, that which terminates in the ajg signs beginning with Capricornus) and 
that which is above 8 and less than 9 is called xanxyant (i. e, that which ends 

in the six signs beginning with Cancer),  « 

Thus (Fig. 1) that which terminates in Œ H Fis MRIGADI KENDRA, and 

‘that which ends in F L G is Kazxya'pi.—B. D.] 


t 
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place of the higher apsis in it also. From this mark the first 

«stellar Aries, at the distance in degree of the higher apsis 
in auras the place of the’planet must be thon fixed 
countibg the degree from the mark of the 1gt Aries in tho 
usual order. 


The distance between the higher apsis and tho planet is call 
ed the KeNDRA.* Tho right line lot fall from the planet on the 
UCHCHA-REKHA is the sino of BHUJA of the KENDRA. Tho right 
lino falling from the planet on the transverse diameter is the 
cosine of the KENDRA, it is upright and the sine of BHUJA is a 
transverse line. 

The principle on which 15. As tho distance between tho 
i ne a diameters of the two circles is equal 
is based. to the excentricity and tho co-sine 
of the xenpxa is above and below the excentrieity when the 
KENDRA is MBIGADI and KARKYADI (respectively) .t 

@ The word Kewpra or centre is ovidently derived from the Greek word 
revrpoy and means the true contre of tho planet.—L. W. 


+ [In (Fig. 1) P K is the spwura Kort and P E the xanya (the hypothenuse) 
which cuts the concentric at I. Hence the point T will be the apparent place 
of the planot and T M the equation of the centre. 

This equation can be determined as follows. 

Draw M # perpendicular to B T, it will be the sine of the equation and the 
triangle P M # will be similar to the triangle P EK. 


» PE:EK=PM:Mn; 
PM.EK 
hence M n == =- = sine of the equation ; 
PH 


EO.EK 
PE ‘ 


Now, let # = KENDRA, a = the distance between the centres of the two 
circles excentrio and concentric, x == sine of the equation, and & = hypothenuse : 
thon the srHtuTa KOI c= cos. & + a, according as the Kappa is MRIGADI or 


xanxyapr, and b= o/sin.! E £ (cos k E a)" - 
hence by substitution 


a. sin. & a. nin. k 
PENS 


"S i an EP (oon, FB a)? 
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16 and 17. Therefore the sum or difference of the CO-sing 
and excentricity (respectively) is here the SPHUTA KOT! (i. e 
the upright sido of a right-ahgled triangle from the plage o 
the planct in the excentric to the transverse diameter Án the 
‘concentric,) the sine of the sxusa [of the KENDRA Í is the 
Bnusa (the baso) and the square-root of tho sum of the squares 
of tho griuya Kopt and suusa is called Karya, hypothonuso. 
This hypothenuso is the distanco betweon the Enrth’s contre 
and the planct’s place in the excentric circle. 


Tho planot will be observed in that point of the concentric 
cut by the hypothenuse. 


The equation of the centre is tho distance between tho 
moan and apparent places of tho. planet: when the mean 
placo is moro advanced than the apparent place then the 
equation thus found is subtractive; when it is bchind the true 
place, the equation is additivo.* 

The reason for assuming 18. The moan planet moves in its 


saan suds reg MANDA-PRATIVRITTA (first excentric) ; 


equation, tho MANDA-spasHTA planet (i. ©. whose 
‘ mean place is rectified by tho first equation) moves in its 
SIGHRA-PRATIVRITTA (second oxcentric). The MANDA-SPASITA 


Tt also follows from this that, when cos. Æ is equal to a in the KARKYADI 
KENDRA, then & will be equal to sin. #, otherwise 4 will always be greater than 
sin, & and consequently x will be less than a. Hence, when A is equal to sin 4, 
æ will then be greavest and egual to a, i. e, the equation of the centre will be 

* greateat when the hypothenuse is cquul to the sine of tho KENDRa, or when the 

e planet reaches the point in the excentric cut by the transverse line in the 
concentric, Thorefore, tho centre of the excentric is marked at the distance 
equal to tho excentricity from the centre of the concentric (as stated in the 
Y 12th.)—B. D.] 


* (Thus, the mean planet, corrected by the Ist equation, becomes 
MANDA-BEASHTA and this process is called the MaNDA-process, After this, 
the MANDA-SPAsHTA when rectified by the BI'GHRA PRALA, or 2nd equation, is 

, eathg,sPasuta planet, and this 2nd process is termed the B’IGHRA process. Both 
of these processes, MANDA-SPASHTA and SPASHTA ore reckoned in the VIMAN- 
pata or the orbit of the planet as hinted at by Burasxanacwanya in the 
comnientary called VasaNa-BHasHYA in the sequel. These places are assumed 
for the ecliptio also without plying any correction to them, because the 
correction required is very amall.--B. D.] . 
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is therefore here assamed as tho mean planet in the second 
« process (i. e. in finding the second equation).* s 

fc reason for the inven- 19. The place in the concentric 
tion otyhe higher apsis, in which the revolving planet in its 
own exbentric i$ seen by observers is its truc place. To find 
tho distance between tho true and mcan places of tho planct, 
the higher apsis has been inserted by former Astronomers. 

20. That point of the excentric which is most distmmt from 
tho Earth has been denominated the higher apsis (or 
ccucHa) : that point is not fixed but moves; a motion of the 
higher apsis has therefore been ostablished by thoso con- 
versant with tho science. 

21. The lower apsis is at a distance of six signs from the 
higher apsis: when the planct’is in cither its higher or 
lower apsis, then its true place coincides with its mean 
place, because the linc of the hypothenuse fall8 on the mean 
placo of the planet in the concentyic. 

22. As the planct when in the higher apsis is at its 
greatest distance from tho Earth, and when in the lower 

The cause of variation of Apsis at its least distance, therefore its 
apparent sizeof planct’sdise. dixo appears small and large accord- 
ingly, In like manner, its disc appears small and largo accord- 
ingly as the planot is near to and remoto from the Sun, 

23. To prevent tho student from becoming confused, 
I have separately explained tho proof of finding the equation 
by the Prarrvrrrra Buaya of the diagram of the excentrice. 
I shall now- proceed to explain the same proof in a different . 
manuer by the diagram of a nfcnocitcHa-vrirta (epicycle). 


® [For this reason, having assumed the maxpa-sPasufa planet for the 
mean, which MANDA-sPasnTA can be determined in the concentric by describing 
the excentric circle &e. through the mean planet and Manpocucua, mako the 
place of the stellar Aries from the waNDa-@PasHTaA place in tho reverse order of 
the signe and then determine the place of the signRocicna in the order of 
the signs, Through the places of the stellar Aries and s’‘taunocncia describe 
the 2nd excentric circle &c. in the way mentioned before, and then fud the 
place of the true planet in the concontric.—B. 1).] 


+ 
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Construction of Diagram 24. Taking the mean Place of the 
to illustrate the theory of planet in the concentric as the centre, 
epicyole, with a radius equal to the excentrj Ad 
of the planet, draw a circlo. This is called wfcu 
VRITTA OF opicycle. Thon draw a line from thé centre’ a i 
Earth passing through tho mean place of the planct [to the 
circumference of the epicycle]. i 

25. Uhat placo in the epicycle most distant from the 
centre of the Earth, cut by the line [joining the centre of tho 
Earth and mean place of the planot] is supposed to be the 
place of the highcr apsis: and the point in the epycicle 
nearest to the Karth’s centro, the lower apsis. In the 
opicycle draw a transverse line passing through the centre of 
it [and at right-angles to the above-mentioned lino which is 
callod here UcHcHA-REKH<]. 

26. As thd mcan planet revolves with its KENDRA-GATI 
(the motion from its higher apsis) in tho lst and 2nd epicy- 
cle marked with the. 12 signs and 360 degrees towards the 
reverse signs, and according to the order of the signs respec- 

tively from its highor apsis. 
© 27. Mark off therefore the places of the first ond second 
KENDRAS or distances from their respective higher apsides in 
the manner directed in the last vorse: the planct must bo 
fixed at those points. [Here also] The (perpendicular) line 
. from tho planet to tho UcRCHA-REKHA is the sine of the BHUJA 
: of the KENDRA: and from the planet on the transverse line 
is the cosine [of the KenDRA].* (See note nest page.) 

To fud the hypothenuse 28 and 29, Tho BHUJA PHALA and 
and the equation of centre, = KOTT PHALA of the KENDRA which are 
found [in tho GanrrdpHvva] aro sine and cosine in the epicycle. 
As the KoI ‘PHALA is above the radius (of the concentric) in 
MRIGADI KENDRA and within the radius in KARKYADI-KENDRA, the 
sum and difference, therefore, of the Kot! PHALA and the radius 
is here tho srHuta-KoT1 (upright lino), the BHUJA PHALA is 
the snusa (the basc) and the Karya hypothenuse (to complete 


< Vv. 27) s Sidhdnta-s'‘iromani. 145 


ae. 
the right-angled triangle) is the line intercepted between the 
. contre of the Earth and the planet. The equation of tho 
cefttre is here the arc [of the conctntric] intercepted betweon 
* Note on verses from 24 to 27. 


[In fig. 2, let A B C D be the concentric, T the place of the stellar Aries, E the 
centre of the Earth, M the mean place of the planet in the concentric, A f Èg, 
tho Epicycle, Æ the place of the highor apsis in it, B A tho voHOHA-REKHA’ 
l the place of the lower apsis, P that of the planet, Æ P the xexDgA, P & the 
aine of the KENDRA and P ¢ tho cosine of it, 

The sine and oo-sine of the xenpaa in the exoentric, reduced to their 
dimensions in the epicycle in parts of the radius of the concentric, are named‘ 
BHUJA-PHALA and ROTI-PHaLa respectively in the GayrrdpHydya, That if® 

As the radius or 860° of the concentric s 
: the sine and cosine of the xanpga in the exoentrio 
+ s: exoentricity or the periphery of the epicycle 
3 BHUJA-PHALA and KOȚI-PHALA respectively. 
À the BHUJA-PHALA and XOTI-PHALA must be equal to the sine and 
the xuxpra in the epicycle.—B. D.] 
a : 
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the mean place of the planet and the point® cut by the hypo- 
thonuse~ The equation thus found is to be added or subtracted ° 
as was before explaincd.* ` id 
. 30. The planet appears to move forward from MANDOCHCHA, 

Construction of the mized Of /8t higher apsis, in the excentric 
diagrams of the excentrio circle with its KENDRA-G@AȚI (the mo- 
and epicycle. i a l . 

f tion from its MANDOCHCIIA) and in tho 
order of the signs and to the East: From its si/amrocucua, 
2nd higher apsis, it moves in antecedentia or reversely, as , 
it is thrown backwards. 

31. When the epicycle however is used, the reverse of this 
takes place, the planot moving in antecedentia from its Ist 
higher apsis and in the ordor of the signs from its 2nd higher 
apsis. Now as the actual motion in both casos is the same, 
while the appearances aro thus diametrically opposed, it must 
be admitted therefore that theso expedicnts aro tho mero 
inventions of wise astronomers to ascertain the amount of 
equation. 


® In (Fig 2) E & is the seuupa-Kort, P E the hypothenuse, T the apparent 
place of the planet in the concentric and T M the equation of tho centre. This 
equation can slao be found by the theory of the epicycle in the following 
manner. 

Draw T s porpendicnlar to E M, then T » will be the sine of the equation; 
let it bo denoted by v, the kexnra iu the excentric by k, tho excentricity by a, 
and the hypothenuse by 4; then 

R: sin $ =a: P& the BHUJA-PINALA 
asin k 
, the DHUJA-PRALA == ——, 


Now, the triangles E T » and E P & are similar to each other 
~ EP; PE=ET: To 
or A :Pk=R :z 
PEXR 


3 


A 
that is, the BHUJA-PHALa multiplied by the radius and divided by thè hypothe 
nuse is equal to the sine of the equation. 


asin & 
But P k = 


.*. by substitution 
asink R aaink 
x ri aar » the sine of the equation as 
‘nae T by the theory of the ezcentric in the note on the verses 15, 16 and 
1 om ae Efe 
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32, If the diagrams (of tho excentric and epieycle) be 

, drawn unitedly, and the place of the planet be marked off in 

tle manner before explained, then the planot will necessarily 

be in the point of the intersection of thé oxcentric by the 
epicyclt. ' i 

33. [In illustration of these opposito motions, examine an 
oil-man’s scrow-press.]° As in the oil-man’s press, the wooden 
press (moving in the direction in which tho bullock fastened 
to it goes) moves (also itself) in tho opposite direction to that 
in which the bullock goes, thus tho motion of the planet, 
though it moves in the excentric circle, appears in antece- 
dentia in the epicycle. 

34. As the centro of tho Ist epicycle is in the concentric, 

Explains why the 5 minor let tho planet therefore move in the 
pano. pepi m concentric with its mean motion: Iu 
their true places, tho concentric [at that point cut by 
the first hypothenuso] is tho centye of the si‘anra NÍCHOCHCHA, 
vatrta or of tho 2nd epicycle: In the second or s'ianra 
epicycle is found tho true place of the planct. 

35. The first process, or process of finding the Ist equa- 
tion, is used in the first place, in order to ascertain the position i 
of tho centre of the sfamra NÍCHOCHCHA vgITTA or of tho 2nd 
epicycle, and tho 2nd process, or the procoss of the 2nd 
equation, to ascertain the actual place of the planet. As these 
two processes are mutually dependent, if on this account 
becomes necessary to have recourse to the repetition of theso. 
two processes. r 

36 and 37. Somo say that tho hypothenuse is not used in 

ANERE EN the Ist process, because the differenco 
sion of hypothenuse in the (in the two modes of computation) 

ere atts is inconsiderable, but others maintain 

that since in this process the poriphery of the first opidyclo 

being multiplied by the hypothenuse and divided by tho radius 

becomes true, and that, if the hypothennse then be used, the 

result is the same as it was before, therefore the hypothenuse is 
a2 
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not employed. No objection is to be made why this is not 
the case in the 2nd process, because the proofs of finding the . 
equation are different here.* ' s 

38. As no observeron the surface of the Earth sees the 
i planet moving in‘ the excentric, de- 
flected from his zenith, in that place 
of the concentric, where an observer situated’ at the centro of 
the Earth observes it in the eastern or western hemisphere, 
and at noon both observers see it in the same place, thoreforo 
the correction called Nataxarma is declared (by astronomers), 
The proof of this is tho same as in finding the parallax.t 


Roason of NaTaKaRMA, 


© [The BHUJA-PHALA, determined by means of the sine of the first KENDRA of 
tho pane (i.e. by multiplying it by the periphery of the lst epioyele and 
dividing it by 860e) has been taken for the sine of tho Lat equation of the centre : 
and what we have shown in the note on the V, 28 and 329, that the BHUJ4- 
PHALA, when multiplied by the radius and divided by the hypothenuse, becomes 
the sine of the equation may be understood only for Anding the 2nd equation of 
the five minor planets and not for determining the 1st equation. 

Some say that the omission of tlt hypothenuse in the lat process has no 
other ground but the very inconsiderable differenco of the result. But BRAMMA- 
GUPTA maintains that the periphery of the let epicycle, varios according to the 
hypothenuse ; that is, their ratio is always the same, and the periphery of the 
1st epicycle, mentioned in the gayiTADHyAya, is found at the instant when the 
hypothenuse is equal to the radius, For this reason, it is necessary at first to 
find the true periphery through tho lhypothenuse and then determine the 1st 
equation, But, he declares that by so doing; also the sine of the equation 
becomes equal to the BHUJa-PHata as follows. 

As B: Ast periphery = the hypothonuse ; the true periphery 


PXA 
.» the true periphery = R 


» and consequently the BHUJA-PHALA in 


P yas sink 
‘ the true epicycle | — an X —— 3 
. B ` 860° 


.. the sino o tho let equation = an om ~ and abridgin = 
x b x g 
s P è sin k 


which is equal to the Bitusa-PHALA. Hence the hypothenuse is nob 


used in the lst process, r 
Branwacvrta's opinion is much approved of by Bua’'srara'ona’RYA.—B, D.) 
+ But this is not the case, because the wataxanx which Bia‘skana’caa‘eya has 
stated in the QaxıTÁDHYÁYA has no connection with the fact stated in this 


SLOKA and therefore many say that this s'zoxa does not belong to the 
i texzt.—B. Dj 
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39. The meanemotion ofa planet is also its true motion 


faina staa ‘ha ‘aa when the planet reaches ‘that point in 
afd truo motions of all the the excentric cut by tho transverse 
ppe EA diameter which passes through the 
centre’ of the concentric: and it is when the planet is at that 
point that the amount of equation is at its maximum, [Latta 
has erroneously asserted that the mean and trne motions 
coincide at the point where the concentric is cut by its ox- 
centric, ]* 

40. Having made the oxcentric and other circles of thin 

Manner of observing the pioces of bamboo in the manner ex- 
retrogression &e, of Planets, tained beforo, and having changed 
the marks of the places of the planct and its s‘fanrocacua 2nd 
higher apsis with their daily motions, on astronomer may 
quickly show the retrogrossions, &c.t 


* The ancient astonomers Latna, S’atpart &. say that tho true motion of a 

planet equals to its mean motion when it seaches the point of intersection of the 
concentric and excentric, But Bra’sxara‘cHakya denying this, says, that when 
the planet reaches the point when the transverse axis of the concentric cuts 
the excentric and when the amount of equation is a maximum, the true motion 
of a planet becomes equal to its mean motion, For, suppose, pi Pps Pas Ong 
are the mean places of a planet found on successive days ut sun-rise when the 
planet proceeded from its higher or lower apsis and e,, ag, ¢,, &c, aro the amounts 
of equation, then p È ¢,, pg, £ 6o, Pa £ 6,, &o, will be the true places of the 
planct, : 
* Ppp, È (ea—e,), Pa—Pa E (e—a), PeP: È (¢,—-¢,), &o, will bo the 
truo motions of the planet on succeanve days. Now, as the difference between 
the true and mean motions is called the GatrpHata, by cancelling therefore, 
PaP: PrP, &. the parts of the true motions which are equal to the mean 
motion, the remaining parts ¢g—e,, ¢,—e, &o. will evidently be the GaTIPHALas 
that is the differences botween two successive amounts of equation are the 
GATIPHALAS, Thus, it is plain that the aatiraata entirely depends upon the 
amount of equation, but as tho amount of equation increases, so the GATIPHALA, 
is decreased and therefore when it is a maximum, the Gatipmaza will indifintely 
be decreased i. e. will be equal to nothing. Now as the amount of equation 
becomes a maximum in that place where the transverse diameter of the con- 
centric circle cuts the excentric, (sce the note on verses 16, 16 and 17) the 
GATIPHALA, therefore becomes equal to nothing at the same place, that is, in 
that very place, the true motion and mean motions of a planet are equal to each 
other. Having thus shown a proof of his own assertion, BRÁSKARA'CHA’KYA 
says that what the ancient astronomers stated, that the true and mean wptions 
of a planet are eqnal to each ether when the planet comes in the interyction 
point of the concentric and excentric circles, is entirely ungrounded.—B. D.J _ 

+ According to the method above mentioned, if the place of the higher apsis 
and that of the planet be changed, and the planet's place be marked, the motion 
of the planet will be in a path like the dotted line as shown in the diagram. 


See Diagram facing this page. 


150 Translation of the , [V.4. , 


Al, The word KENDRA (or xevrpov) means the centre of a 

The reason of thé inven- circle: it is on that account applied 

tion of the appellation of to the distance between tho planet awd 

ape higher apsis, for the centre of tho 

" NICHOCHCHA-VRITTA or epicyclo, is always ‘at the distahce of 
the planet from the place of the higher apsis. * 

42. The circumference in yosanas’ of the planet’s orbit 

Spavya-xaxsua or cor being multiplied by the sfaHRA-KARNA 
Tooted Ee (or 2nd hypothenusc), and divided by 
the radius (3438) is sruura-Kaxsu{ (corrected orbit). Tho 
planet is (that moment) being carried [round the earth] by 
the pravAuA wind, and moves at a distance equal to half the 
diameter of tho srnuta-kaxsué from tho carth’s centre. 

43, When tho sun’s MANDA-PHATA i. ©, the equation of the 

Reason of Busa'ytana centre is subtractive, the apparent or 
alan j real timo of sun-rise takes placo before 
the time of mean sun-rise: when the equation of the centro 
is additive, the real is after the mcan sun-riso, on that account 
tho amount of that correction arising from the sun’s MANDA- 
PHALA converted into asus* of time has been properly declared 
to bo subtractive or additive. 

44, Those who have wits as sharp as the sharp point of the 
inmost blado of the DORBHA or DARBHA grass, find the subject 
above explained by diagrams, a matter of no difficulty whatover : 
but men of weak and blunt understanding find this subject 

„as heavy and immovable as the high mountaint that has been 
shorn of its wings by the thunderbolt of Indra. 

End of Chapter V. on the principles on which the rules for 
finding the true places of the planets aro grounded. 


It is to be observed here that when the planet comes to tho places a, a &e. 
in the dotted line, it is then at its highor apsis, when it comes to the places o ° 
e and o, it is at its lower, and when it comes to b, b &o. it appears, stationary : 
and then it is moving in the upper arc } a%®, its motion being direct appears 
quicker, aud when in the lower aro 6 o b, its retrograde motion is seen.— B. D.) 

@ [These asus are equivalent to that part of the equation of time, which is 
due to the unequal motion of the sun on the ecliptic.—B. D.] , 

¢ Mountains are said by Hindu theologians to have originally had wings. 


(peer 
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CHAPTER VI. 


Called GoLaBaNpHA, on the construction of wn 
Armillury Sphere. © 


1, Leta mathematicion, who is as skilful in mechanics as 
in his knowledge of tho sphere, construct an armillary sphere 
with circles made of polished pieces of straight bamboo; and 
marked with the number of degrecs in tho circle. 

2. In the first place, let him mark a straight and cylindri- 
cal DHRUVA-YASBTI, or polar axis, of any excellent wood ho 
pleases : then let him placo loosely in the middle of it a small 
sphere to represent tho earth [so that tho axis may movo 
freely through it]. Let him then firmly securo tho spheres 
beyond it of the Moon, Mercury, Venus, tho Sun, Mars, 
Jupiter, Saturn and the fixed stars: Beyond them let him 
place two sphores called KHAGosA and pRiacora unconnected 
with cach other, and fastened to the hollow cylinders [in 
which tho axis is to be insorted].* 

[Description in detail of tho fact above alluded to.] 

3. Fix vertically the four circles and another circle called 
E te oa horizon transversely in the middle of 
prime vertical, i 
meridian and the Koyavuit- thom, so that one of those vertical 
P circles called SaMAMANDALA, primo 
vertical, may pass through tho cast and wost points of tho 
horizon, the other called yMmyorrana-vefrta, meridian tho’ 


* The sphere of the fixed stars which is mentioned here is called the saGoLa 
starry sphere. This BHAGOTA is assumed for all the planets, instead of fixing 
a separate sphere for each planet, This sphere consists of the circles echptie, 
equinoctial, diurnal circles, &c. which are moveable. For this reason, this 
sphero is to be firmly fixed to the polar axis, so that it may move frecly by 
moving the axis. Beyond this sphere, the xHaGoxa celestial sphere which 
consists of the prime vertical, meridian, horizon, &. which remain fixed in a 
given latitude is to be attached to the hollow cylinders, Having thus sepiffately 
fixed these two spheres, astronomers attach, beyond these, a third spliefe in 
which the circles forming both the spheres KHaGOLA and BHAGOLA are mixed 
together. For this reason the lattor is called paiagoua the double sphere. 
And as the spherical fingers are well seen by mixing together the two spheres 
KHAGOLA and BHAGOLA, the third sphere which is the mixture of the two 
spheres, is separately attached.——B. D. 
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north and south points, and the remaining® two called koya- 
varrras tho N, E. and S. W. and N. W. and S. E. points. 
4, Thon.fix a circle passing through the points of tio 
The unmanpara or six horizon intersected by the prime verti- 
o'olock Tine, cal, and passing also through the 
south and north poles at a distance below and above tho - 
horizon equal to the latitude of the place. This is called the 
UNMANDALA, or six o’clock lino, and is necessary to illustrate the 
incroase and decrease in the length of tho days and nights.* 
5. The equinoctial (called wXpf-vaLaya), marked with 
The equinootial, 60 ghatis, should bo placed so as 
to pass through the east and wost 
points of the horizon, and also to pass over the meridian at a 
distance south from the zenith equal to the latitude, and at a 
distance north of the nadir also equal to the latitude of the 
place [for which the sphere is constructed]. 
6. Let the azimuth or vertical circle be next attached 
i oe within the other circles, fixed by a 
pea arene pair of nails at the zenith and nadir, 
so as to revolve freely on them: [It should be smaller than 
tho other circlos so as to revolve within them]. It should be 
capable of being placed so as to cover the planet, wherever it 
may happen to be. 
7. Only one azimuth circle may be used for all the planets ; 
or olse eight azimuth circles may be made, viz. one for each 


. of tho 7 plancts and the 8th for the nonagesimal point. The 


azimuth circle for the nonagesimal point is called the DRIK- 
SIEPA-VRITTA. 


* The circle of deolination or the hour circle psssing throngh the east and 
west points of the horison is called ummManpata in Sanskrit; but I am not 
acquainted with any corresponding term in English, ‘In the treatise on 
astroxomy in the Encyclopedia Metropolitan& the prime vertical is named the 
six o'clock line. This term (six o'clock line) should, I think, be applied to the 
UNMAWDALA, because it is always six o'clock when the sun arrives at this circle, 
the uxManpaLa, The prime vertical on the sama-MaNDALA of the Sanskrit 
cannot, with propriety, be called the six o'clock line: because it is only twice a 
ag r it is six o'clock when the sun is at this circle, the prime vertical.— 
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8. Lot two holjow cylinders project beyond the two poles 
north and south of thé KuacoLa ce- 
lestial sphere, and on these cylinders 
let the skilful astronomer place the pgiccota double sphore 
as follows. i i i 

9. When the’ system of the xHaco.a, celestial sphere, is 
mixed with the ecliptic; and all the other circles forming the 
BHAGOLA (which will be presently shown) it is then called 
DRIGGOLA, double sphere. As in this the figures formed by 
the circles of the two spheres KHAGOLA and BHAGOLA are seen, 
it is therefore called pgiecoLa double sphere.* 

THE BHAGOLA. 

10. Let two circles be firmly fixed on tho axis of the poles 
answering to the meridian and horizon (of the KHAGoLA) ; 
they aro called tho apHfRa-vRirras, or circles of support: 
Lot the equinoctial circle also be fixed on theri marked with 
60 ghafis like the primo vertical (of the kmagoLa). 

11. Make tho ecliptic (of tho same size) and mark it with 
12 signs; in this tho Sun moves: and 
also in it revolves the Harth’s shadow 
at a distance of 6 signs from tho Sun. Tho KRANȚI-PÁTA or 
vernal equinox, moves in it contrary to tho order of the signs : 
The spasnta-pdtas [of the other planets] havo a like motion: 
the places of these should be marked in it.+ 


* See the note on 2 Verse. 


The Dgracota. 
s 


The Ecliptic. 


t [The Sun revolvos in tho ocliptic, but the planets, Moon, Mavs, &0. do not , 


revolve in that circle, and tho planes of their orbits are inclined to that of the 
ecliptic. Of the two points where the planetary orbit cuts the plane of the 
ecliptic, that in whioh the planet in its revolution rises to the north of the 
ecliptic is called its PA'TA or, asconding node (it is usually called the mean 
Pa'Ta) and that which is at the distance of six signs from the former is called 
ite BASHADBHA Fa'TA or descending node, The Pa’ta of the Moon lies in its 
concentric, bocuuse the plane of its orbit passes through the centre of the 
concentric, i. e. through the centre of the Earth; but the pa‘ras of the other 
planets are in their second oxcentric, because the planes of their orbits pass 
thyough the centres of their 2nd excentrics, which contres lie in the plano “Si the 
ecliptic. When the planet is at any other place than its nodes, the disfance 


between it and the plane of the iptic is called its north or south latitude as | 


the planet is north or south of the ecliptic, When the planet is at the distance 
of 3 signs forward or backward from its pa’ra, it is then at the pai distance 
north or south from the ecliptic : This distance is its greatest latitude. Thus, 
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12. Let the ccliptic be fixed on the equinoctial in the 
point of yernal equinox KeÁNpI-PÁTA and in a point (autumnal 
equinox) 6 signs from that: it should be so placed that tko 
point of it, distant 3 signs eastward from the vernal equinox, 
shall be 24° north of the equinoctial, and the 3 signs wettward 
shall be at tho same distance south from the équinoctial. 

13, Divide a circle callod KsHEPA-VRiTTA representing the 

orbit of a planet into 12 signs and 

mark in it the places of the SPASHTA- 
pitas, rectified nodes, as has been befere prescribed [for the 
ecliptic]. Then this circle should be so placed in connection 
with the ecliptic as it has been placed in connection with the 
equinoctial. 

14. The ecliptic and tho xswupa-vgrrra should bo so 
placed that tho lattor may intersect the former at the [rectified] 
ascending and‘ descending nodes, and pass through points 
distant 3 signs from the ascgnding node east and west at a 
distanco from the ecliptic north and south equal to tho 
rectified greatest latitudo of the planet [for the time]. 

16. The greatest (mean) latitudes of the plancts being 
multiplied by the radius and divided by the siaHRA-KaRyA 


@ 
Planet's orbit. 


the latitude of the planet begins from its pa'ra and becomes extreme at the 
distance of 3 signs irom it, therefore, in order to find the latitude, it is necessary 
to know the distance between the planet and its pa’ta, ‘This distance is equal 
to tho sum of the places of the planet and its PA'TA, because all pa’tas move 


in antecedentia from the stellar aries. This sum is called tho VIKSHEPA-KENDRA 
or the argument of latitude of the planet. As the Pa’ta of the Moon lies in her 


. concentric, and in this circle is her true place, the sum of these two is her 


VIKSHEYA-KENDRA, but the Pa'ta of any other planet, Mars, &c. lies in its 2nd 
excentrio and its ManDa-SPasHTA place (which is equivalent to its heliocentric 
place) is in that circle, therefore its vixaiera-KENDRA is found by adding the 
place of its Pa’ta to its MaNDA-ePasuTa place. The srasuta-Fa‘ta of the 
planet is that which being added to the true place of the planet, equals its 
VIKSHEPA-KENDEA for this reason, it is found by reversely applying the 2nd 
equation to its mean Pa’ta, As 
«s BPAGHTA PA'TA + true place of the planet, 
== VIXSHEPA-KENDEA, 
“== place of the MANDA SPASHTA planet $/mean PA'TA, 4 
== p, of the m, 2. p. + 2nd equation + s. P.F 2ud equation, 
== true place of the planet + mean Pa'ra 2 2nd equation, 
»*. BPASHTA Pa'TA = moan PA'TS Ẹ 2nd equation. 
The place of this srasnta Pa’ta is to be reversely marked in the ocliptis from 
the stellar aries, — B, D ] 


- VI 15] ° Sidhdnta-s'tromani, 155 


second hypothenufe becomes spasma, rectified. _ The Kswera- 
vgITTA, or circles reprosenting the orbits of the six planets, 
should be made separately. ‘The Moon and tho rest rovolve in 
their own orbits.* | 


J 
* [As the Pa’ra of the Moon and her true place lie in her concentric, the sum 
of these two, which is called her VIKSKEPA-KENDRa or the argument of latitude, 
must be measured in the same circle, and her latitude, therefore found through 
hor VIKSHEPa-KENDRA, will be as seen from the centre of her concentric i. e, 
from the centre of the Earth, But the pa‘ra of any other planot and its MANDA- 
arasiTa place (which is its holiocontric place) lie in its 2nd excentrio, therefore 
ite latitude, determined by means of its VIKSHEPA-KENDRA, which is equal to 
the sum of its MANDA-SPASHTA placo and Pa’ta and moasured in the same circle, 
will be such as seen from the contre of ite 2nd excentrio and is called its mem 
latitude (which is equivalent to the heliocentric latitude of the planet). 
As in Fig. 1, let N E be tho 
quarter of the echptic, N O 
that of the 2nd excentric, N 
the node and P the planet. 
Suppose O E and P p (parts of N p 
great circles) to be drawn from i 
O and P perpendicularly to , 
tho plane of the celiptic: then 
O E will be the greatest lati» 
tude aud P p the latitude of the planet at P, by which a spectator at the centre 
of tho Zud excentric and not at the centre dt the arth, will see the planet distant 
from the ecliptic. This latitude, therefore, is called a mean latitude which can 
be found as follows, 
sinNO:sinOK:: sin NP: sin P p, 
or R.sin Pp = sinOE,sinN p, i 
consequently, in order to determine P p, it is necessary to know previously O E, 
tho greatest latitude and N P, the distance of the place of the planet from tho 
node, which distance is evidently equal to the ViksITRPA-KENDRA that is, to 
the sum of the MANDA-SPABTTA place of the planet and the mean place of the 
node. Now the latitude of the planet as seen from the centre of the Earth is 
called its truo latitude, This true latitude can be found in the following 
manner, p 
Tyt E bo the centre of the earth, O that of the 
2ud excentrio, P the MANDA spabuta place of the 
planet in it: then E P will be the 2nd hypothenuse 
which is supposed to cut the concentric at A: 
then A will be the true place of the planet in the 
concontrio. Again let P g be a circle with the 
centre O, whose plane is perpendicular to the eclip- 
tic plane and A & another circle with the centre 
E whose place is also perpendicular to the samo 
pisne, then P g will be the mean latitude of the 
plunet and A 6 will be the true. Let Pp and Aa 
lines be perpendicularly drawn to the plane of the 
ecliptic, these lines will also be at right angles to 
the line E p : then P p will be the sine of the 
mean latitude P g and A a that of the true lati- 
tude Ab. Now by the similar triangles E P p 
and EK A a, 
EP:Pp::EA:Aa; 
EA.Pp 


~Aaex= —— moan g 
` 
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t 
16, The declination is an arc of a gre&t meridian circle: 
- a X cutting the equinoctial at right angles, ° 
Declination and latitude, and continued till it touch the eclipti®. 


R X sine of the mann latitude 


or the sine of the true latitude = 


t) 
sin O E. sin N P 


R 


R sinO E. sinNP 
the sine of the true latitude == rs x = 


snOE.sin NP 


but, the sine of the mean latitude == 


.» by substitution 


h 
As the latitude of the planet is of a smaller amount, the are of a latitude it, 
therefore taken in the SrippHanras instead of the sine of the latitude. 
OK. sin NP 
Hence, the true latitude = —~————-$ «emmm 


h 
that is, the sine of the argument of latitude multiplied by the greatest 
arine and divided by the 2nd hypothenuse is equal to the true latitude of the 
planet. 

Now in the Braaors, a circle should be so fixed to the ecliptic, that the 
former may intersect the latter at the spasuTa-PATA and the point six signs 
s from it, and whose extreme north and south distance from the ecliptic may 
be such that the distance between the circle and the ecliptic at the place of the 
true planet may be equal to the truo latitude of the planet, This circle ia called 
the VIMANDALA Or VIKSHEPA-VRITTA and its extreme north and south distance 
from the ecliptic is called the true or rectified extreme latitude of the planct 

which can be found as follows. 


Tet N be the SPASHTA- ys 
pata, N P the VIKSHEPA-KEN- 
DEA, P p tho true latitude, E 
E O the true extreme latitude: P 
then 
sin N o: sin E O:: ein 
NP: sin Pp 
e sin NO. sin Pp 
a kO= nan 
sin N P 
R.Pp 
3 


sn NP . 
L.sin N P 
but i£&T be taken for the mean extreme latitude the P p = E 
R Len NP R.L 


X enan oema SL amana » 


orEO= 


ee E o a7 
sin N P | ‘oA 
ı Thie ie the mean extreme latitude stated in the Gawrrapuyáya multiplied 
by the radius and divided by the 3nd hypothenuse equals the true or reotifled 
extreme latitude, — B, D.J gA « 
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celestial latitude if in like manner an arc of a great circle 
(which passes through the ecliptic poles) intercepted between 
tho ecliptic and the kenera-varrra, 

The corrected deglination [of any of tho small planets and 
Moon) i is the distance of tho planct from tho oquinoctial i ina 
circlo of declination. ' 

17. The point of intersection of tho equinoctial and ocliptic 
circles is tho xkdntI-pXra dr inter- 
secting point for declination. Tho 
retrograde* revolutions of that point in a Karra amount 
to 30,000 according to the author of tho Strva-sippinra, 

18, The motion of the solstitial points spoken of by Mun- 
sxta and others is tho samo with this motion of tho oquinox : 
according to these suthors its revolutions arc 199,669 in a 
KALPA. 

19. Tho placo of tho KRANTI-PÁTA, or the amount of the 
precession of the equinox determined through the revolutions 
of tho xRÁNTI-PÁTA must bo added to the place of a planet; 
and the declination then ascertained. Tho ascensional differ- 
ence and periods of rising of the signs depend on tho 
declination : hence the precossion must be added to ascertain 
the asconsional difforence and horoscope. 

20. Thus the points of intersection of tho ecliptic and the 
orbits of the Moon and other planets are tho KsHRPA-raTAS, or 
intersecting points for the KsHEPA celestial latitude. The 


Precession of the equinox. 


revolutions of the KsHzra-pAtas are also contrary to tho order ' 


of tho signs, hence to find their latitudes, the places of tho ` 


KSHEPA-PÁTAS must be added to tho places of the planets 
(before found). 

21. As the MANDA-sPAsHTA planet (or the mean planet cor- 
rected by the Ist equation) and its ascending node reyplve 
in the 8‘IGHRA-PRATIVBITTA or 2nd excentric, hence the amoûnt 
of the latitude is to be ascertained from (the place of) the 
MANDA-SPASHTA planet added to the node found by calculation. 


* The motion of the oe isin a sonin direction to that of the 
order of the signs.—L. W.,, 
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92, Or the amount of the latitude may be found from the 
SPASHTA'planet added to the node which the s'iGHRA-PHALA 2nd * 
equation is added to or subtracted from accordingly as it was 
subtractive or additive.* 5 

As tho Moon’s node revolves in tho concentric circlo, the 
amount of the latitude, thereforo, is to bo found from the 
true placo of the Moon added to the mean node. 

23. Tho exact revolutions of tho nodos of Morcury and 
Venus will be found by adding the revolutions of their s’fattra- e 
KENDEAS to the revolutions of their nodos which havo been 
stated [in tho Gayrrdpuyfval: if it bo asked why these smaller 
amounts have becn stated, I answer, it is for greator facility of 
calculation. Hence their nodes which aro found from their 
stated revolutions are to be added to tho places of their 
S'ÍOHRA-KENDRAS [to got tho exact places of tho nodes] .+ 

24, To find the kenpra [of any of the planets) tho place 
of the planet is subtracted from tho s‘faurocncna: then take 


# [See the nodes on V. 11, and V. 13, 14, 15. —B. D.] 


4 [In all the original astronomical works, the sum of the Pa’ra and s*famnocH- 
cua of Mercury and Venus, is assumed for their VIXSHEPA-KENDEA, and 
through this, their latitude is determined. But the latitude thus found would 
bo at tho placo of thoir s’fanRrooacHa and not nt their own place, because their 
places are different from those of their s’fanrocucnas. To remove this 
diffculty, Bua‘skra‘cua'nya writes. “Tho exact revolutions &o,” But the 
Gifficulty arises in the supposition that, the earth is stationary in the centre of 
the universo and all the planets revolve round her, because we are then bound 
to grant that tho mean places of Mercury and Venus are equal to that of the Sun, 
and hence their places will be different from those of their s’faunooHcHas. 
But no inconvenience occurs in the supposition that, the Sun is in tho centre 
of the universe and all the planets together with the earth revolve round him. 
For, in this caso the places of the s‘fanrocucnas of Mercury and Veuus are 
their own heliocentric places, and consequently the sum of the places of their 
S'ÍGHROCHOHAS and Pa'Tas will be equal to the sum of their own places and 
those of their Pa’tas, that is to their VIESHEPAKENDRA. For this reason, 
their latitude found through this, will be at their own places. Now, it isa 
curious faot that, the revolutions of the, pátas of Mercury and Venus, stated 
in the original works, are such as ought to be mentioned when it is supposed 
that the Sun is in the middle of the universe and the planets revolve round 
him, “And not when the Earth is supposed & be stationary in the centre of the 
universe. From this fact, we can inter that the original Authors of the As- 
tronomical worke knew that all the planets kogt er with the Earth revolve 
round the Bun, and consequently they stated the smaller amounts of the 
revolutiona of the Pa’tas of the Mercury Venus. When this is the case, 
why is it supposed that all the planets rpvolve round the Earth, because the 
ED oan more easily be understood by this supposition than by the other, — 

e (] h . 
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the KENDRA with the rara added [to get the R o amount of 
the rára or node] and let the placo of the planet be added 
thereto, [we thus got tho VIKSHEPA-KENDRA or the argument 
of the latitude of Mercury or Venus]. Therefore from tho 
s'fauzovucHas of these two plancts with the ratas added, 
their latitudes aré directed by the ancient astronomers to be 
fuund.* i 

25 and 26. The raras or nodes of these two plancts added 
to the s/icurocacaras from which the true places of tho 
plancts have been subtracted, becomo srasnpa or rectified. 
It is the s’PASHTA-PATA Which is found in tho puagota (above 
described). 

In tho sphere of a planct, take the ccliptic above described 
as the concentric circle, to this circlo the second excentric 
circle should be attached, as was explained before, and a circlo 
representing the orbit of a planet (and which consequently 
would represent the real sgcond excentric) should be also 
attached to the lattor circle with the amount of latitude 
detailed for it. In this latter circlo mark off the mean places 
of the nodes of the (superior) plancts, and also mark in it the 
mean place of the nodes of Mercury and Venus added to their 
respectivo 8’ {4HRA-KENDRA8.t 

27. Noxt tho AHORATRA-VRITTAS or diurnal circles, must be 

Diurnal circles called mado on both sides of the cquinoctial 
AHOB‘ATHA-VRITTAS. [and parallel to it] at overy or any 
degree of declination that may be required:—and they must . 
all bo marked with 60 enatis: The radius of tho diurnal . 
circle [on which the Sun may movo on any day] is called 
DYUJYÁ, 


© (Let, A = s'íanrocncHa or the place of 2d higher apsis. 

ea == the P'ÍGHRA-KENDRA, 
= = the place of the planet. 
A == Pa’ta or the place of the ascending node. 
and N. = the exact Pa’ta. 
Fecal Ap a Sir —p+s 
Porya KENDRA Or 8 it’ of latitude ‘of Mercury or Venus = 
N. + p= h p+ » 4p =h + 0 
t [See the note on verses 13, 14 and 15 —B. 3] 
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28, From the vernal cquinox mark theq2 signs in direct 
order, and then lct diurnal circles be attached at the extremity . 

of each sign. ° 
~ 99, On either side of the equinoctial, three diurnal circles 
should be attached in the order of the sigds: these again will 
answer for the threo following signs. i 

The BHAGOLA has thus been described. This is to be known 
also as the KHECHARA-cota, the sphere of a planet. 

30. Or in tho plane of the ocliptic bind the orbits of Saturn 
and of the other plancts with cross diameters to support them, 
but these must be bound below (within) the ecliptic in succes- 
sive circles one within tho other, like the circles woven one 
within the other by the spider. 

81. Having thus secured the RHAGOLA on tho axis or 
YASHTI, after placing it within the hollow cylinders on which 
the KHAGOLA is*to be fastened, make the BHAGOLA revolvo :— 
it will do so freely without reference to the KHAGOLA as its mo- 
tion is on the solid axis. The KHAGOLA and DRIGGOLA remain 
stationary whilst the BHAGOLA revolves. 

End of Chapter VI. on the construction of an armillary 
sphere. 


CHAPTER VII. 


` Called Tarrras'va-vésank on the Principles of the Rules for 
resolving the questions on time, space, and directions. 


The arcensions! difference l. The time called cHARA-KHUNDA : 
anata peace: or _ascensignal difference is found by 
that arc of a diurnal circle intercepted between the horizon 
aud the six o’clock line. The gine of that arc is called the 
KUJYAʻin the diurnal circle: but, when reduced to relative 
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value in a great pcircle, it is called cHaRasyi or sine of as- 
, censional difference.* i 

a2. The horizon, as seen at the equator, or in a right 
sphere, is denominated in other places [to the north, or south 
of thee equator) tHe unmanpaLa six o'clock line: but as the 
Sun appears ut*any place to rise on its own horizon, the 
| difference between tho-times of the Sun’s rising [at a given 
! place and the equatorial region under the same meridian] is 
; tho ascensional difference, 

3. When the sun is in the uor- 

Determination of tho ‘ os 
question when the omaga thorn hemisphere, it rises at any 
correction is additive end placa (north of the equator) before 

it does to that on the equator: but 
it sets aftor it sects to that on the equator. Therefore the 
correction depending on .the ascensional difference is to be 
subtracted at sunrise ofa given place from the place of the 
planet (at sunrise at the eqnator] and to be added at sunset 
to the place of the planet [as found for the sunset at the 
equator]. 

4. When the Sun is in the southern hemisphere the reverse 
of this takes place, as the part of tho UNMANDALA in that 
hemisphero lies below the horizon. The halves of the sphere 
north and south of the equinoctial are called tho northern and 
southern hemisphores. 

Cause of increase and deereaso Č- [And it is in consequence of 
in length of days and nights. this ascensional difference that] the, 
days are longer and the nights shorter (than they are on the. 

* (The times found by the arcs intercepted between the horizon and the 


six o'clock line, of the three diurnal circles attached at the end of the first 3 
signs i, e. Aries, Taurus and Gemini are called the CHARA-Ka Las or the aecensional 
: 


diforonoes of thees gigas, and the differences of these OHARA-KA'LA8 aro Called the 
CHARA-KHANDAS of those three signs. 


Aa, where the PaLABHA is 6 digits or the latitude ia nearly 224° north, the as- 
censional differences of the 8 first signs are 297, 541 and 642 asus, and The dif- 
ferences of those i. e. 297, 244 and 101 are the oHaRa-Katapas of those signs. 

These are again the OHaRa-KHaNpas of the following three signs inversely i. e, 
101, 244 and 297 asus. ` 

Thus the onaua-cHanpas of the first six sigus anewer for the following six 
sigus.—B. D.] 
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.equator) when the Sun is in the northerm homisphere : and 
that the days am shorter and the nights longer when the Sun 
is in the southern hemisphere. For, the length of the nigitt 
is represented by that arc of the dinrnal circle below tho 
horizon, and the length of the day by that arc abote tho 
horizon. i 

6. But atthe equator the days and fights are always of the 
same length, as thero is no UNMANDALA there except the 
horizon [on the distanco between which, the variation in tho 
length of days and nights depends]. 

A circumstance of peculiar curiosity, howover, occurs in 
those places having a latitude greater than 66° N. viz. than the 
complement of the Sun’s groatest declination. 

Detormination of place and 7. Whenever the northern declina- 
siete of perpetual day end tion of tho Sun oxceeds the comple- 
. ment of the latitude, then there will be 

porpetual day for such time as, that oxcoss continued ; and when 
the southern declination of the Sun shall exceed tho comple- 


* ment of the latitude, then there will be perpetual night during 


a | night of the PTIB. 


the continuance of that excess. On MERU, thercfore, day and 
night are each of half a yoar’s length. 

8. To the Celéstinl Beings [on 
MERU at the north pole] the equinoc- 
tial is horizon: so also is to the parryas [at the south pole]. 
For, the northern and southern poles are situated respectively 


Place of MERU. 


.in their zeniths. 


9. The Celestial Beings on wuru behold the Sun whilst ho 
is in tho northeru hemisphere, always revolving above the 
horizon from left to right: but parryas the inhabitants of the 
southern polar regions behold him whilst he is in the southern 
hemisphere revolving above their horizon from the right to 
the lett. f 

E Pe 10. Thus it is day whilst the Sun 

a a is yisible, and night whilst he is in- 

visible. As the determination of 
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night and day is made in regard to men residing on the sur- , 
faco of the Earth, so also is that of the rirgis or deceased 
ancostors who dwell on the upper part of the Moon. 

l 11. Asfor tho doctrine of astro- 
stated "by the oa logers, that it was day with the Gods 
professors or BA'NHITIXAS. at MERU whilst the Sun was in the UT- 

*TARAYANA (or moving from the winter 
to the summer solstice) and night whilst the Sun was in the 
DAKSHINAYANA (or moving from the summer to the winter sol- 
stice), it can only be said in dofenco of such an assertion, that it 
is day when the Sun is turned towards the day, and it is night 
when turned towards the night. Their doctrine has reference 
merely to judicial astrology and the fruits it foretells. 

12. By the degrees by which tho Sun proceeds in his nor- 
thern course to tho end of Gemini, he moves back from that 
sign: entering also the samo diurnal circles in l#is descent as ho 
did in his ascent. Is it not thereforo that tho Sun is visible in 
his descent to the Gods in the place where he was first seon by 
thein in his ascent ? : 

. 13. The rrrris reside on tho upper 

a ethe Gey onthe part of the Moon and fancy the foun- 

tain of nectar to be boneath themselves. 

They behold the Sun on the day of our amÁvásYÁ or new Moon 
in their zenith. That therefore is the time of their midday. 

14, They (i.e. the rirgis) cannot see the Sun when he is 
opposite the lower part of the Moon: it is therefore, midnight, 
with the rrrris on the day of the véxyiaf or full Moon. Tho, 
Sun rises to them in the middle of the KRISHNA raxsHa or dark 
half of the Moon, and seta in the middle of the S'UKLA PAKSHA 
or light half of the Moon. This is clearly established from 
the context. 

15. As Branmf being at & im- 
uae of day mense distance from the Earth, always 
sees tho Sun till the timo of the PRA- 
LAYA or general doluge, and sleeps for the same time. therefure ` 
12, 
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the day and night of Brany are together of 2000 MAHAYUGAsS 
in length. r 

l l 16. As the portion of the eclipte 
Fai sising a ppe which is more oblique than the other, 
rizon. i rises and sets in “a shorter time and 
that which is more upright takes a longer time in rising and 
setting, hence the times of rising of the several signs are 
various leven at the equatorial regions]. 

17. The (six) signs from Capricorn to Gemini or ascending 
signs which are inclined towards the south with their respec- 
tive declinations whilst they riso even at the equator are still 
more inclined towards the south in the northern latitudes (on 
account of the obliquity of the starry sphere towards the south) ; 
hence they arise in still shorter times than they do at the 
equator. 

18. At the ‘equator, the [six] signs from Cancor or de- 
ascending signs incline whilst they rise to the northerly direc- 
tion, but they will have upright direction in consequence of the 

* northern latitude, hence they rise in longer times [than they 
do at the equator.] The difference between the period of the 
rising of a sign in a given latitude, and at the equator under 
the same meridian, is equivalent to the CHARAKNANDA of that 
sign. 

19. Each quarter of the ecliptic rises in 15 amapıs or 
6 hours to those on the equator: and the 6 signs of the 

. northern as well the 6 of the southern hemisphere appear to 
: rise each in 12 hours or 80 gHatis in every or any latitude. 

20. The three signs from the commencement of Aries to 
the end of Gemini, i. o. the first quarter of the ecliptic, pass 
the UNMANDALA in 15 amapis; but the horizon [of a place in 
north latitude] is below the unmanpaLa, they therefore pre- 
viously pass it in time less than 15 afiaqis by the CHARAKHANDAS. 

~ 21. The three signs from the end of Virgo to the end of 
Sagittarius, i. o. the 3rd quarter of the ecliptic, pass the unMAN- 

' pata in 15 amapis; but they pass the horizon of a place 
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afterwards which iş above the unĮmanpara [in north latitude] 
in 15 anaprs added to the CHARAKHANDAS. : : 

22. The three signs from tho end of Gemini to the end of 
Virgo, i. ©. the 2nd quarter of the ecliptic or those from the 
end of Sagittarius tð the end of Pisces i. e. the 4th quarter of the 
ecliptic, pass the horjzon in the time equal to the remainder 
of 30 amapis diminishedsby the timo which the first or third 
quarter takes to pass tho horizon respectively. For thig reason, 
the times which the signs contained in the lst and 4th quar- 
ters of the ecliptic, or ascending signs, and those contained 
in the 2nd and 8rd quarters, or descending signs tako to pass 
the horizon at a given place are found by subtracting the 
CHARAKHANDAS of tho signs from and adding them to the times 
which those signs take in rising on the equator respectively.* 

23. Having placed tho, 1st Aries in tho horizon and sct the 
sphere in motion, the tutor should show tho abeve facts to the 


* The times taken by the several signs of the ecliptic in rising at the equator 
and in northern lutitudes will be soon from the following memo. according to 
the SIDDHaNTa. 


| 
| 
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pupils, that*thoy may undorstand as well what has been cx. 
plained as any other facts which havo not been now mentioned, 
. 24. In whatovor, time any sign rises above the horizen 
[in any latitude] the sign which is the 7th from it, will take 
oxactly the samb timo in setting: as one ‘half of the ecliptic 
is always above the horizon [in every latitude]. 

25, When the complement of latitudo is less than 24° (i. e, 
than thd extreme amount of tho Sun’s declination taken to be 
24° by Hindu astronomers) then neither the rising periods of 
the signs, nor the uscensional differences and other particulars 
will correspond with what has been hero explained. The facts 
of those countries (having latitudes greater than 66°) which 
are difforent from what has beou explained on account of their 
totally different circumstances, are not hero mentioned, as 
those countries are not inhabited by men. 

26. ‘That peint of tho ecliptic which is (at any time) on 

Rtymology of the word the caster horizon is called the LAGNA 
SAGNA: or horoscope. This is expressed in 
signs, degrees, &c. reckoned from the first point of stellar 
Aries. That point which is on the western horizon is called 
the asta-LAGNA or setting horoscope. The point of the 
ecliptic on the meridian is called the MapHYA-LaGNa or middlo 
horoscope (culminating point of the ecliptic).* 

© [Whon the place of tho horoscope is to be determined at a given time it is , 


novessary at firat to ascertain the height and longitude of the nonagesimal point 
from the right ascension of mid-heaven, and then by adding 3 signa to the 


_ longitude of the nonagesimal point, the placo of the horoscopo is found: but as 


A, 


this wey for finding the placo of the horoscope is very tedious, it has been 
determined otherwise in the Sroowa’nTas. 

As, from tho periods of risings of the 12 signs of the ecliptic which are 
determined in the Siddhantae, it is very easy to find tho time of rising of any 
portion of the ecliptic and vice vorse, we can find a portion of the ecliptic 
corresponding to the given time from sun-rise through the longitude of the 
Sun then determined and the given timo, The portion of the ecliptic which 
can be thus found is evidently that portion of the ecliptic intercepted between 
the place of the Sun and the horizon. Therefore by adding thia portion to the 
place & the Sun, the place of the horoscope if found. Upon this principle, the 
following common rule which is given in the Srovuaxrtas for finding the place 
of the horoscope is grounded. 

Find first the true place of the Sun, and add to it the amount of the procession 
of the equinox for the longitude of the Sun, ‘Then, from the longitude of the 
Sun, the sign of the ecliptic in which the Sun lies and the dogreos of that sign 
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27. If when yo want to find the Laana, the given anaņıs 
Qro SÁVANA-GHAȚIS, th ill be- 

The reason for finding the i ‘ ed apn tey wil i 
exact place of the Sun at Come sidereal by finding the Sun’s 


the time of question in order inutang ; 
to find 1aGwA. Instantaneous place i. ¢. the place of 


i tho Sun for the hour gtven. Tho times 
which he has passed, and those which ho has to pass, are known, Thus tho 
degrees which the Sun has passed, and those which he has to pass, are galled tho 
BHUKTANS’s8 and BHOGYANS’a8 respectively. Now the time which the Sun 
requires to pass the BHOGYANS‘AS is called the smoGya time, and is” found by 
the ae proportion. 

300 


: the period of rising of the sign in which the Sun is 
: ; BHOGYANS AB 
: DBHOGYA time, 

In the same manner, the BHUKTA time can also bo found through tho 
BUUKTANGAS, 

Now from the time at the end of which the horoscope is to be found, and 
which is callod the ssuTa or given time, subtract the Bitogva tune just found, 
and from the remainder subtract the periods of risings of tho next successive 
signs to that in which the Sun is ag long as you can, Thon at last you will find 
the sign, the rising period of which being greater than the rgmainder you will 
not bo able to subtract, and which 1 consequently called the as’oppHa sign, 
or the sign incapable of being subtracted, and its rising period, as‘UDDHA 
rising. From this it is evident that‘the as‘uppta sign is of coursy on the 
horizon at the given time. Tho dogrces of the as’opDiHA sign which are abovo 
is horizon and therefore called the BHUKTA or passod degrees, are found as 
ollows. 

If tho rising period of tho as‘uDDHA sign 

: 300 

:: the remainder of the given time 

: the passed degrees of the as’UDDItA sign. 

Add to these passed degrees thus found, the preceding signs reckoned from 
the 1st point of Aries, and from the Sum, subtract the amount of the procession 
of the equinox, ‘Tho remainder thus found will be the placo of tho horoscopo 
from the stellar Aries. 

If the time at the end of which the horoscopo is to be found, be given before 
sun-rise, then find the BHUKTA, or passed time of the sign in which tho Sun 
is, in the wily above shown, and subtract it and tho rising periods of the pre- 
ceding signs from the given time. After this find the degrees of the as‘oppHa 
sign corresponding to the remainder of the given time which will evidently be the 
BituGya degrees of the horoscope by proportion as shown abore, and subtract 
the sum of the BROGYA degrees of the horoscope, the mgns the rising periods of 
which are subtracted and the suuxra degrees of tho sign in which the Sun is 
from the Sun's place and the remainder thus found will be the place of the 
horoscope. 


Thus we get two processes; one when the given time at the end of which the 
horoscopo is to be found, is after sun-rise, and the other when that timo is given 
before sun-rieo, and which are consequently oalled KRAMA, OF direch apd 
VYUTKRAMA or undirect processes rospectively. 

It is plain from this that if tho place of the Sun and that of the horoscope be 
known, the given time from sun-rise at the end of which the horoscopo 1s found 
can be known by making the sum of the Bitogya time of the sign in whigh the 
Sun is and the BHUKTA time of the horoscope and by adding to this sum the 
rising perioda of intermediate signs.—B. D.] 
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d 
of rising of the signs which are sidereal must be subtracted 
from these amapis (of the question) reduced to a like deno. 
mination, When the hours of the question aro already siderehl, 


there is no necessity for tinding the sun’s real place for that 
Ci 


timo. * ' e 


* (If it be asked whether the time at the end gf which the horoscope is to be 
found is ¢errestrial or sidereal time; if it be terrestrial, how it is that you 
subtract from that the rising periods which are of different denomination on 
account of their being sidereal, and why the sun's instantaneous place i. e. the 
place determined for tho hour given is used to ascertain the BHOGYA time, the 
given time is reckoned from sun-rise and the BHOGYA degrees of the sign mn 
which the sun is, rise gradually above the horizon after sun-rise. Hence the 
BHOGYA degrees of the sign of the Sun’s longitude, determined at the time of 
sun-rise, should be taken to find the place of the Horoscope, otherwise the placo 
of the Horoscope will be greater than the real one, As for example, take the 
time from sun-rise, at the end of which the Horoscope is to be found, equal to 
6V sidereal GRAFIS and 44 asus when the Sun is in the vernal equinox at a place 
where the PanabHa is 6 digits or the latitude is 22°} nearly, and ascertain the 
place of the Horoscope through the instantaucous place of the aun, ‘Then, the 

lace of the Horoscope thus found will be greater than the place of the San 

und at the timo ef next sun-rise, but this ought to be equal to it, and you will 
not be able to make this equal to the place of the Sun determined at the time of 
next sun-rise, unless you determine this through the place of tho aun ascertained 
at sun-rise, and not through the Suh’s instantaneous place. Hence it appears 
wrong to ascertain the place of the Horoscope through the Sun’s instantaneous 
place. But the anawer to this is as follows. 

The amapis contained in the are of the diurnal circle intercepted between that 
point of it where the Sun is, at a given time and the Horizon are the BAYANA or 
terrestrial Gratis, but the enatis contained in tho aro of the diurnal circle in- 
tercepted between that point of it where the Sun was at the time of sun-rise and 
the Horizon are the sidereal, cHatis. Thus it is plain from this that if the 
Sun's place determined at the time of sun-rise bo given, the time between their 
place and the Horizon reckoned in the diurnal circle will ovidently bo the sido- 
real time and consequently the place of the Horoscopo determined through this 
will be right. But if the instantaneous place of the Sun be given, the time given 
must bo the SAVANa time, because let the instantaneous place of the Sun be 
assumed fur the Sun’s place determined at the timo of sun-rise, then the time 
, between this assumed instantaneous place of the Sun and the Horizon, which is 
SÁVANA, will evidently be the sidereal time. Hence the fact as stated in tha 
veree 27th is right. - 

Thereforo if the Sun’s instantaneous place and the place of the Horoscope be 
given, the time fuund through these will be the s4vana time, but if the place of 
the Horoscope aud that of the Sun determined at the time of sun-rise be given, 
the time ascertained through theso will be the sidereal time, And if you wish to 
fiud the sávaxa time through the place of the Horoscope and that of the Sun 
determined at the time of the sun-rise assumed tho sidereal time just found asa , 
rough sávawa time and determined through this the instantaneous place of the 
Sun bÝ tho following proportion. + 

If 60 anatis 
; Sun’s daily motion 
: sthese rough SÁYANA GRATIS, 

« : tho Sun's motion relating to this time; and add then this result to 
the place of tho Sun found at the time of sun-rise. Tho sum thus found will be 
the instantaneous place of the Sun nearly. Find the timo again through this 

€ 


t 
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28, In those edùntries having a north latitude of 69° 20 tho 
ieee, ee sagittarius and tapricornus aro 
in which different signe are never visible: and tho signs gemini 
re wal and below = and cancer remain always above the 
horizon. $ 

29. In thoso places having a northern latitude of 78° 15’, the 
four signs scorpio, sagittarius, capricornus, and aquarius are 
never seen, and the four signs taurus, gemini, cancor, “and leo, 
always appear revolving above the horizon. 

30. On that far-famed hill of gold Meru which has a lati- 

tude of 90° N. the six signs of the southern hemisphere never 
appear above the horizon and tho six northern signs are 
always above the horizon. 
. 81. Latta has declared that when the asus of CHARA- 
KHANDA [in any latitudo] are oqual to 
the time which any sign takes to rise 
on the equator, then that sign will always romain visible above 
the horizon : but this assertion is without reason. Were it so, 
then in places having a latitudo of 66°, the whole twelve signs 
of the ecliptic would always be visible, and would all appear 
at once on all occasions, as the times of their rising on the 
equator are equal to the asus of their cHAa-KIANDAS: but 
this is not the fact. 

32. Larta has also stated in his work on tho sphere that 

where the north latitude is 66° 80, 


i a gross error of Sagittarius and capricornus aro not 


An error of LALLA exposed. 


75°, scorpio and aquarius are never there visible: but this also 
is an idle assertion. How, my learned friend, has he managed 
to mako so gross and palpable an error of three degrees ?* 


instantaneous place of the Sun, and through this time ascertain the instanteneous 
place of the Sun. Thus you will get at last the exact sXvana time from sun-fise 
to the hour given by the repetition of this process. As the Sun is taken here 
for an example, you can find the sXvaya time of any planet or any planetary 
time from the planet's rising to the hour given by the repetition of the aforesaid 


* [Buisxanicwanya means here that Larta mentioning the degrees of lati- 


tudes, has committed s grand mistake in omitting 3 degreer, because he has 


K 


visible, and also that in north latitudo — 
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33. The altitude of the polar star and fs zenith distance 
as found by observation, give respectively the latitude and 
the Lawnangg or complement of the latitude. Or the zenith 
. distance and altitude of the Sun at mid-day when on the equi- 

noctial give the lutitude and its complement. 


84. The unnara the time found in that arc_of the diurnal 
circle which is intercepted between fhe eastern _or western 
horizon ‘and the planet above it, is sfyana, ‘This is used in 


finding the shadow of the planet. The sine of the unnata 
which is oblique, like the aksHa-xaRya, by reason of the lati- 
tude, is called CHHEDAKA and not s’anxu because it is upright.* 

85. In order to find the shadow of the Moon, the vpita 
(the time elapsed from the rising of a planet) which has been 
found by some astronomers by means of repeated calculation 
is erroneous, for the uprra, (found by repeated calculation) is 
not sxvana. ‘he labour of the astronomer that does not 
thoroughly understand mathematics as well the doctrine of the 


stated in his work that sagittarius and capricornus aro always visible in a place 
bearing a latitude 66° 30, and scorpio and aquarius at 75° N., whereas thia is 
not the caro, those signs are always visible in the places bearing the latitudes 
69° 80’ and 78° 16’ respectively as shown in the verses 28 and 29.—B. D.] 


® [When the Sun is above the Horizon, the shadow caused by a gnomon 13 


and having at firet determined the sine of the Sun's altitude and that of it 
complement through his UDITA time, astronomera ascertained this by the follow- 
ing proportion. 
As the sine of the Sun's altitude 
: the sire of its complement 
:: gnomon of 12 digits 
: the shadow caused by the gnomon, 


Thus they determine the shadow of all planets, Moon, &o., and that of the fixed 
stares. Though the light of the five small planets, Mars, &c., and the fixed stars 
is not so brilliant, like that of the Sun and Moon, as to make their shadow 
visible, yet it is necessary to determine the shadow of any heavenly body in order 
to know the direction in which the body may be. Because, if the length and 
direction of the shadow of the body be known, the direction in which it is can 
be ascertained by spreading a thread from the end of ita shadow through that of 
the gromon, For, if you will fix s pipe in the direction of the thread thus 
spread, zou will see through that pipe the body whose shadow is used here. 

The time given for determination of any planet's shadow must be the sivaNa 
. time, because it is necessary to determine the degrees of altitude of a planet 

to know ite shadow, and the degrees ‘can be determined through the time 
contained in that aro of the diurnal circle intercepted between the planet and 
maa D5 the time containod in this aro cannot be other than the síyaxa 
time. > ave 


digite, high, is called the Sun’s shadow according to the s'1DDHANTA languages. 
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sphere, in writing a book of instruction on the science is utter- 
ly futile and useless.* i 


* 36. Tho degrees of altitude are found in the DRINWANDALA 
a or vertical circle, being the degrees of 
wheter “ ME elevation in it aboverthe horizon ; the 
degrees of zenith distance are (as their 
name imports) the degrees in the same circle by which the 
object is distant from the zenith or mid-heaven of the observer : 
tho s’ANKU is the sine of the degrees of altitude: and the 
pgiaYA is the sino of the zenith distance. 
37. When the Sun in his ascent arrives at the prime verti- 
cal, the s'anxu found at the moment is 
PO MAW ANET, EONA tho JAMA-S'ANKU; the #ANKUS found at 
the moments of his passing the Koya- 
virta and the meridian are respectively termed tho Koya- 
N/ANKU and MADHYA-8'ANKU. i 
38. One-half of the veytical circle in which a planet is 
Aii _. observed should be visible, but only 
© correction ? 
of parallax to the sine of alti- one-half less the portion opposite tho 
ii radius of the Earth is visible to observ- 
ers on the surface of the Earth. Therefore ,'y part of the daily 
motion of the planet observed is to bo subtracted from the sine 
of altitude or from the s’anxku to find the shadow: [inasmuch 
as that amount is concealed by, or opposite to, the Earth]. 


39. The aard (the sine of amplitude) is the sine of the arc 
of the horizon intercepted between tho 
eee and prime vertical and the planet’s diurnal 
circle in the east or west i. o. between 


* [In order to determine the Moon's shadow at a given time at full moon, 
some astronomers flud her uprra time i, e. the time elapsed from her rising to the 
hour given by the repeated calculation, through her instantaneous place and the 
place of the horoscope determined at the given hour. But they greatly err m 
this, because the time thus found will not be the s’avawa time and comsequently 
they cannot use this in finding the Moon's shadow. Their way for finding the 
Unita time by the repeated tion would be right, then only if the given 
place of the Moon would be such as found at the time of her rising and not het 
instantaneous place, Because her Uprra time found through her instantanwous 

isoo becomes s’AVaKa at once without having a recourse to the repefted calou- » 
lotion, an it is shown in the note on the verse 27 of this Chapter.—B D.) 


K2 
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the east or west point of the horizon, and the point of the 
horizon at which the planet rises or sets. The line gonnecting 
the points of the extremities of the east and west aari fs 
called the ubavasta-suraa, the line of rising and setting. 

"40. The s'anxu-raza or base of the s'anxu stretchts dur- 
ing the day to the south of the upydsta-sutra; because the 
diurnal circle have during the day a southern inclination (in nor- 
thern latitude) above the horizon. But, below the horizon 
at night, the base lies to the north of the UDAYÁSTA-SUTRA as 
then the diurnal circles incline to the north. Tho s’anxu- 
TALA’s place has thus been rightly defined. 

41. Tho s'ANxU-TALA lies to the south of tho extreme point 
of AGRA when that aard is north and when the aara is south, 
the s’ANKU-TALA lics still to the south of it. Tho differenco 
and sum of the sine of amplitude and s'anxu-Tata has been 
denominated tht sínu or BHUJA ; it is tho sine of the degrees 
lying between the prime vertical and the planet on tho plane of 
the horizon. 

42. [Taking this sínu as one side of a right-angled 
trianglo.] The sino of the zenith distance being the hypothe- 
nuse then the third side or the xopr being the square root of 
the difference of their squares will be found : it is an cast and 
west portion of the diameter of the prime vertical.* 

I now propose to explain tho triangles which aro created by 
reason of the Sun’s varying declination ; and shall then proceed 
to explain briefly also the latitudinal triangles or those created 

.by different latitudes. [The former are callod KRANTI-KsHETEAS 
and the lattor AKsHA-KSHETRAS. | 


® Vide sccompansing dia- 


ram. 
: being place of the Sun : d its 
place of egeing in the horizon : 
d À the upaYa‘eta-sttra d f 
the agka’:abthe S'ANXU-TALA: } é 
— then ag is the Ba’HV and the 
triangle a 2 g isthe ono here 


« representéd to.—-L. W. z 
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43, In the lst tfiangle of declination. 
lst. The sine of declination == BHUJA oF base, 
* the radius of diurnal circle cor-}) __ r A 
responding with tho ania j 


above given ° ae 
and radius of large'cirele = hypothonuse. 
2nd. Or in a right sphere. ; 
The sine of 1, 2 or 3 signs = hypothonuso : 


Tho declination of 1, 2 or 3 signs in ox} eer 
o’clock line 
44, Sines of arcs of diurnal circles cor- 
responding with the cation = KOTIS. 
above given 
These sines being converted into terms of a large circle : 
and their arcs taken, they will then express the times in asus 
which cach sign of the-ccliptic takos in rising‘at the equator 
i.e. the right ascensions of -thoge signs or the LANKODAYAS, 
that is the 2nd will be found when the 1st is subtracted from 
two found conjointly, and the 8rd will be found when the 
sum of the Ist and 2nd is subtracted from three found con- 
jointly. 
45. In the right-angled triangle formed by the s’ANKu 
Triangles arise from lati- OF gnomon when the Sun is on the 


eae: equinoctial.* 
lst. The s'anxu of 12 digits == the Kor1. 
The PALABHA or the shadow_of_s‘ANKU: 
or gnomon _ } == tho bHUJA 
and the AK8SHA-KARYA m tho KARNA or 
ypothenuso 
or 2nd. The sine of latitude == BHUJA. 
The sine of co-latitudo == KOTI 
and radius = hypothenfse. 


This triangle is found in the plane of the meridian. 


[* The right angle triangles stated in the five verses from 45 to 49, are clearly 
« teen by fastening some diametrial threads within the armullary sphere. As 


174 Translation of the [VII 46.. 


6 
46. Or the sine of declination reckoned: 
on the uNMANDALA from theeast and asea, TEROP 
KvsyÁ, the sine of ascensional difference 
in the diurnal circle of tho given day 


} = BHUJA. 


Let Z G N H be the meridian of tho given place, G A H the diameter of the 
horizon, Z the Zenith, P and Q the north and south poles, E A F the dismeter 
of the equinoctial, P A Q that of the six o'clock line, O f D that of one of the 
diurnal circles, aud E B, f 4 the perpendiculars to @ H. Then it ia clear from 
this that 

Z E or H P = tho latitudo, 
A B = the sine of it, 
E B = the co-sine of it, 
A f= the declination of a planet revolving in the diurnal 
circle whose dinmeter 18 O D, 
and .'. A g = the a@ra or the sine of amplitude, 
f g= the xosya’, 
A o = the 8ama-sa'Nxu or tho sine of the planot’s altitudes 
when it reaches the priwe vertical, 
e g = the TADDNRITI,’ 
e f = the TADDEHRITI—KUJYA', 
Jh = tho unmanpaLa sanku or the sine of the planet's 
altitude when it reaches the six o'clock line, 
A k = the aGea’pi-kganpa or the lat portion of the sine 
of sinphitade, 
and 4g = the a@ra’ana-xeanpa or the 2nd portion of the sine 
of amplitude ; - 
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6 
The sine of amplifude in the horizon = hypothenuse 


¢This is a well known triangle. ; i 
47. Or the sama s'awxu in the prime ver- i 
tical being } eure 
' The sine of amplitude = BHUJA 
The tappugitt in the diurnal circle = hypothenuse 
Or : 
Taking the sine of declination = BHUJAs 
and the SAMA-8 ANKU = hypothenuse 
TADDHRITI minus KUIYA == KOTI. 
48, Tho UNMANDALA 8 ANKU being == BHUJA 
Tho sine of declination will then be = hypothenuse 


And AGRADI KHANDA or Ist portion of the) ioni 
sine of amplitude will be 


Therefore, with the exception of the first and last the other six triangles 
stated in the verses are these in succession, AK B, A gf, Aeg, Aes, Ash 
and gfh and the one triangle you will gut by dividing the three sides of the 


triangle A E B by —— and for the last see the note on the verse 49, 
12 


Tt is clear from the above described diagram that all of these triangles are 
similar to each other and consequontly they can be known by moans of propor- 
tion if any of them be known. 

The smppndntia, having thus produced sevoral triangles similar to these 
original by fastening the threada within the armillary sphere, find answers of 
the several questions of the spherical trigonometry. Some problems of the 
spherical trigonometry can be solved with greater facility by this Suppaanta 
way than the trigonometrical way. As 

Problem. Tho senith distances of a star when it has reached the prime 
Teal and the meridian at a day in any placo are known, find the latitude in 
the place. 

The way for finding tho anawer of this problem according to the SIDDHANTA is 
as follows. 

Draw Ce L A Z, (See the proceeding diagram) then O o e will be a lati- 
tudinal triangle. 

Now, let æ = C c, the sine of zenith distance, 
b = A e, the co-sine of Z e, 
e == A e, the SAMA-8'ANKU, 
' and æ = the latitude. 


Then O e = 4/ a’ + (b—o)’, 

and Oe:0c:: AE: AB, 

or A/a! + (b—oc)’: a; : rad: sin 2; 
a X Rad 


e 
AA on a = ne 


yat 0—)'—B, D] 
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Or 6 
- Making the UNMANDALA SANKU i = KOI 
the AGRAGRA-KHANDA or 2nd portion of He} Seite 
sine of amplitude is 
-tho Kusyasthen becomes ‘ = hypothenuso 
49.* Tho s'anxu being . "= Kop 
and the s’ANKU-TALA = BHUJA 
Then, the CHHEDAKA or HRITI = hypothenuse 


Thoso who have a clear knowledge of the sphorics having , 
thus immediately formed thousands of triangles should explain 
the doctrine of the sphere to their pupils. 


End of Chapter VIT. on the principles of the rules for 
resolving the questions on time, spaco and directions. 


Craprer VIII. 
Called Grawana Visani. 
Jn explanation of the cause of eclipses of the Sun and Moon. 


1. Tho Moon, moving like a cloud in a lower sphere, 

The cause of the dire OVertakes the Sun [by reason of its 

, tions of the beginning and quicker motion and obscuros its shin- 

a aie i ing disk by its own dark body :] hence 

it arigos that the western side of the Sun’s disk is first obscured, 

and that the eastern side is tho last part relieved from the 

Moon’s dark body : and to some places the Sun is eclipsed and 

to others is not eclipsed (although he is above the horizon) 
on account of their different orbits.’ ' 

« © This triangle differs from the let of the 47th verse only in this respect that 

the base of the triangle in the 47th verse ib equal to the sine of the ampli- 

« tude whtle the base found when the Sun is not in the prime vertical, will always 


be more or less than the sine of amplitdde and is therefore generally called 
SANXUTALA.—L. W. F 
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2. At the chango of the Moon it often so happons that an 

ERA the parallae Ob8erver placed at th’ centse of the 
in longitudo snd that in Earth, would find the Sun whon far 
latituda from the zenith, obscured by the 
intervening body of the Moon, whilst another observer on 
tho surface of the Earth will not at tho samo time find him 
to bo so obscured, as the Moon will appear to him .[on the 
higher elevation] to bo depressed from tho line of vision 
extending from his eye to tho Sun. Henco arises the necessity 
for the correction of parallax in colostial longitudo and parallax 
in latitude in solar eclipses in consequence of the differonco of 
the distances of the Sun and Moon, 

3. When the Sun and Moon are in opposition, the Earth’s 

Tho roason of the correc. Siadow envelopes tho Moon in dark- 
tion of parallax not being ness. As the Moon is actually enve- 
aaa cas loped in darkness, its eclipse is equally 
scen by every ono on tho Earth’s surfaco [above whoso horizon 
it may be at the time}: and as tho Earth’s shadow and tho . 
Moon which enters it, aro at tho same distanco from tho Earth, 
thero is theroforo no call for the corroction of the parallax in s» 
lunar eclipse. 

4. Astho Moon moving castward enters the dark sha- 

The cause of the dirce- dow of tho Earth : theroforo its eastern 
tions of the beginning and sido is first of all involved in obscurity, 
Soe and its westorn is the last portion of 
its disc whick omorgos from darkness as it advances in its * 
course. 

5. As the Sun is a body of vast size, and the Earth insigni- 
ficantly small in comparison: the shadow mado by the Sun 

from the Earth is therefore of a conical form terminating in a 
i sharp point. It extends to a distance considerably beyond 
that of the Moon’s orbit. i 

6. The length of the Earth’s shadow, and its breadth at the» 
part traversed by the Moon, may be easily found by propor- 
tion. 
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Tn tho lunar oclipre tho Barth’s shadow, is northwards or 
southwards of ‘the Moon when its latitude is south or north, 
Hence the latitude of the Moon is here to be supposed inverse 
(i, e. it is to be marked revorsly in the projection to find the 
centre of tho Katth’s shadow from the Moon.) i 

7, As tho horns of the Moon, when it is half obscured form 

The detbrmination of tho VETY obtuse angles : and the duration 
coverer in*the eclipse of the of a lunar eclipse is also very great, 
Pue NE Eaei; hence tho coverer of the Moon is 
much larger than it, 

8. The horns of tho Sun on tho contrary when half of its 
disc is obscured form very acuto angles : and tho duration of a 
nolar eclipse is short: henco it may be safely inforred that tho 
dimonsions of the body causing the obscuration in a solar 
oclipso aro smaller than and different from the body causing 
an eclipso of the Moon.* 

9. Thoso learned astronomers, who, being too exclusivoly 

« devoted to the doctrine of the sphere, belicve and maintain 
that Riv cannot be tho cause of the obscuration of tho Sun 
and Moon, founding thoir assertions on the above mentioned 
contrarietics, and differences in the parts of the body first 
obscured, in tho place, time, causes of obscuration &c. must 
be admitted to assert what is at variancé with the Sayurrf, 
the Venas and Purfyas. . 

10. All discropancy, howover, botween tho assertions above 
` referred to and the sacred scriptures may be reconciled by 
` understanding that it is the dark Rauv which entering the 

Karth’s shadow obscures the Moon, and which again ontering 
the Moon (in a solar eclipse) obscures the Sun by the powor 
conferred upon it by the favour of Branma, 

* [Had the Sun’s coverer been the same grith that of the Moon, his horns, 
when he is half eclipsed, would have formed, like those of the Moon obtuse 
angles. For the apparent diameters of the Sun and Moon are nearly equal to 

«each other. Or the Moon when it is half eclipsed would have represented ite 
horns, like those of the Sun, forming acute angles, if its coverer had been tho 


same with that of the Sun. But as this is not the case, tho coverer of the Moon 
is, of course, different and much larger than that of the Sun.—B, D.} 
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11. As the spqttator is elevated abovo the centre of the 

What is the canse of paral. CATth by half its diameter, ho there- 
lax, and why it is calculated fore sees the Moon depregsed from its 
ee ete ere See place [as found by a calculation made 
for the’centro of thé Earth]. Honco tho parallax in longitude 
is caloulated from the radius of the Earth, as is also the parallax 
in latitude. i 

12. Draw upon a smooth wall, tho sphero of the carth 

PEER IR E E reducod to any convenient scale, and 
to illustrate the cause of the orbits of tho Moon and Sun at 
as proportionate distances: next draw a 
transverso diameter and also a perpendicular diameter to both 
orbits.* 


13, 14 and 15. Thoso points of tho orbits cut by this 
diameter are on the (rational) horizon, And tho point above 
. Fig. 1. 


æ In Fig. 1, let B bo the F 
centre of the earth; A a 
spectator on her surface; C 
D, F G tho vertical circles 
passing through the Moon M, 
and the Sun 8; D, G@ tho 
points of the horizon cut by 
tho vertical circles C D, F 
G; and O, the zenith in tho 
Moon's sphere, and F in that 
of the Sun. Now, lot E MS 
bo a line drawn from tho 
centre of the Earth to the Sun 
in which the Moon lies always 
at tho time of conjunction,and 
A B the vision line drawn 
from the spectator A to the 
Sun. The distance at which 
the Moon appears depressed 
from pe ae in the 
vertical circle is her parallax 
from the Sun. e 

When tho Sun reaches the zenith F, it is ovident that the Moon also will thon 
be at O and the vision line, and the line drawn from the centre of the Earth will 
be coincident. Honce there is no parallax in the zenith. 

Thus the parallax of the Moon from the Sun in the vertical nom is here 
shown by means of a diagram which becomes equal to the difference between the 

rallaxes of the Sun and Moon separately found in the vertical circle as stated by 

Ha‘sxata’cua'nya in the chapter on eclipses ia the commentary VA’BANA’BHA® 
BHYA and the theories and methods ate also given by him on the porallaxes of 
the Sun and Moon, This parallax in tho vertical circle which arises from the 
aie Nagas of the planet is called the common parallax or the parallax in, 


L2 
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e 
cut by the perpendicular diametor will représent the obscrver’s 
gonith: Then placing tho Sun and Moon with their rospective 
zenith distances [as found by a proportional scale of sincs ard 
arcs,] lot the learned astronomer show the manner in which 

e i l Fi 2. 

As in Fig. 8, lot A be a spocta- Z i 
tor on the carth’s surface; the 
zenith; and Z 8 the vertical circle 
paseing through the planct 8: Let a 
circle Z’ m.r be described with centre 
A and radius E 8 which cuts the lines 
A Z and A 8 produced in the points Z’ 
andr: Let a line a m be drawn pa- 
rallel to E Z, then tho aro Z’ m will 
be equal to the aro Z 8, Now the 
planet S seen from E has a senith dis- 
tance Z S and from A, a zenith distance 
A'r greater than Z S or Z’ m by the 
aro m r, hence the apparent place r of 
the planet is depressed by mr in the 
vertical circle. This aro m ris there- 
fore the common parallax of the planet, 

which can be found e» follows. 

Draw m» porpendicular to Ar and 

rotoAZandletP=ESorAr; 
h=EAormS;' 
= sg the paral- 


Xj 
A = Z 8 or Z’ m tho 
true zenith distance of the planet ; 
and d + p = Z' e the Apparent zenith distanco of tho planet, 
Then = s = sin p and r o == sin (d + p). 
Now by similar triangles A r o, 8 m n, 
Ar: ro=Sm:mn, 
or È : sin (dp) = k : sing; 
h X sin (d 4 p) 


s sin p = een 


„__Hpnee, it is evident from this that when the sin (d +») = R or d +} p= 
90°, ther: the parallax will be greatest and if it be denoted by P, 
sin P X sin (d 
sin P = A and ~, sin p = — n+?) 


R 
How, the parallax is generally so small that no sensible error is introduced by 
making sin p = p and sin P = P} 
P X sin (d +p) 


o's = 3 


Again; for the reason just mentioned sia d fs assumed for am (d -+ p) in the 
BIDDHÁNTAS, : _ 
4 CO ain ad 


p= mg ene 


R 
e 
that is, the common parallax of a planet is found by multiplying the greatest 
penia by DI sino of tho zenith distance and dividing ho podat oy the 
Uso, i, n . . 
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the parallax arises,” [For this purpose] let him draw ono lino 
passing the centro of the earth to the Sun’s disc: and another 
which is called the pgrxstrra or lino of vision, lop him draw 
from the observer on the Earth’s surface to the Sun’s disc. Tho 
minutes contained ih the arc, intercepted betaveen these two 
lines give tho Moon’s parallax from the Sun. 

16. (At tho new Moon) the Sun and Moon wil} always 
appear by a lino drawn from the centro of tho carth to bo 
in exactly the same placo and to havo tho samo longitude: 
but when the Moon is observed from the surfaco of tho Earth 
in the pgixstrra or lino of vision, it appears to bo depressed, 
and honce the namo LAMBANA, or depression, for parallax. 

17. (Whon the now Moon happens in tho zonith) thon tho 
lino drawn from tho Earth’s centre will coincide with that 
drawn from its surface, hence a planot has no parallax when 
in tho zenith. ý 

Now on a wall running duo north and south draw a diagram 
as above proscribed ; [i. e. draw tho Earth, and also the orbits , 
of the Sun and Moon at proportionate distancos from tho Earth, 
and also the diameter transverse and perpendicular, &c.} 

18, Tho orbits now drawn, must be considored as DRIKSTIE- 
ra-vgrrras or tho azimuth circles for tho nonagesimal. Tho 
sine of the zenith distanco of the nonagesimal or of the latitude 
of the zenith is tho pgixsuera of both the Sun and Moon. 

19. Mark tho nonagesimal points on tho DRIKSHEPA-VRITTAS 
at the distance from the zonith equal to tho latitude of the - 
points. From these two points (supposing them as tho Sun - 
and Moon) find as before the minutes of parallax in altitude. 
These minutes are here Nati-KA1ds, i, e. tho minutes of tho 
parallax in latitude of the Moon from the Sun.. 

90. The difference north and south between the two orbits 
i. e. the measure of their mutual inclination, is tho samo. in 
every part of tho orbit as it is in the nonagesimal point, hence, 
this difference called watt is ascertained through the DRIKSHE- 
ra or the sine of the zenith distance of the nonagesimal.* 

[* Whon the planet is depressed in tho verticals circle, its north and south 
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21. The amount hy which the Moon is dppressed below the 
Sun deflected ffom the zenith [at the conjunction] wherever it + 
bo, is the east and wost difference between the Sun and Moon 
in a vertical cirgle.* 


e ' e 
distance from its orbit caused by this depression is called Natı or the parallax 
in latitude, . Fig. 3. 
As, in Fig. 3, let Z be the zenith; N the nona-,, 
gesimal; Z N P its vertical circle; N s r the 
ecliptic; P its polo; Z a £ tho vertical circle 
passing through the true place § and the depress- 
od or apparent placo ¢ of the Sun; Pér a 
secondary to the ecliptic passing through the 
apparent place ¢ of the Sun; then 2 r is the 
SPASHTA LAMBANA or the parallax in longitude 
and ¿r the Nat! or the parallax in latitude which 
can be found in the following manner according 
to the sippuANTas. è 
Let Z N be the zonith distance of the nona- | 
gesimal and Z S that of the Sun; thon by the 
triangles Z NS, £s r 
sin ZS: siu Z N = sin s £ : sin r £, 
o biung X sing N 
“sing $= 


sin Z8 
Now, à t is taken for sin s ¢, and r¥ for sin r é, 
on account of their being very small 
st X sin ZN 


ris 


sin Z8 ; 
but according to the sippmAntas 
P.ain ZS 
st= — (see the preceding notc).. (1) 


P.sinZN 


0800 00 68 18 Bebe Chee 0088 Be (2) 


a’ f É 


R 

that ir, the watt is found by multiplying the sine of the latitude of the nona- 

gesimal by the greatest parallax and dividing the product by the radius. 
. , It is clear from this that the north and south distance frem the Sun depressed 

in the vertical circle to the ecliptic wherever he may be in it, becomes equal to 
« tho common parallax at the nonagesimal, and hence the watt is to be i 
from the zenith distance of the nonagesimal. 

For this reason, by subtracting the nati of the Sun from that of the Moon, 
which are separately found in the way above mentioned, the parallax in latitude 
of the Moon from the Sun is found : and this becomes equal to the difference 
between the mean parallaxes of the Sun and Moon at the nonagesimal, The 
same fact is shown by BudseaRioufeya through the diagrams stated in the 
verses 12th &o. ` 

At the time of the eclipso as the latitude of the Moon revolving in its orbits is 
very small, the Moon, therefore, is not far from the ecliptic; and hence the 
parallax in longitude and that in latitude of the Moon is here determined from her 
eas in the ecliptic, on,account of the difference being very 
smali. 2. * i 

Fe [According to the teolmicality of the Siddhantas, the distance taken in any 
circle from any point in it, is called tho east and weat distance of the point, and 
t 
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22, For this reson, the differenco is two-fold, being partly 
east and west, and partly north and south. And the ecliptic 
is here east and west, and tho circle secondary to. it is north 
and south. (It follows from this, that the cast and west 
differerico lies in the ecliptic, and tho north and south diffor- 
ence ia the secondary to it.) 

23. The difference éast and west has becn denominated 
LAMBANA or parallax in longitude, whilst that running north 
and south is parallax in latitudo. 

24. The parallax in minutes as observed in a vertical circlo, 
forms the hypothenuse of a right angle triangle, of which tho 
NaTI-KALA or the minutes of tho parallax in latitude form one of 
the sides adjoining the right anglo then the third sido found by . 
taking the square-root of the difference of the squares of tho 
two preceding sides will be sPHUTA-LAMBANA-LIPTA or tho 
minutes of tho parallax in longitude.*, j 

25. Tho amounts in minutes of parallax in a vertical circlo 
may bo found by multiplying tho sinc of tho Sun’s zenith | 
distance of the minutes of the extreme or horizontal parallax 
and dividing the product by the radius. Thus tho watt will 
be found from tho pgixsuEra or the sine of the nonagesimal 
zenith distance. 

26. The extreme or horizontal parallax of tho Moon from 
the Sun amounts to yy part of the difference of tho Sun’s and 
Moon’s daily motion. For ,', part of the yosanas, the distanco 
of which any planet traverses per diem (according to tho si-. 
DHÁNTAS) is equal to the Karth’s radius. 

27. The minutes of the parallax in longitude of the Moon 
from the Sun divided by the difference in degrees of tho daily 


the distance taken in the sccondary to that circle from the same point, is called 
the north and south distanve of that point.~-B, D.] è 
# (See Fig. 3, in which by assuming the triangle r s £ as s pinne right-angled 
triangle, r ¢ = base, « ¢ == hypothenuso and a r == perpendicular, and thercforo 
er =y 4 t'r t*.—B, D.] p 
Ti [This is s from the equations (1) and (2) shown in the preceding large 
note.~J). . 
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t 
motions of the Sun and Moon will be conlyertod into anaris 
[i. o. tho timo between tho true and apparent conjanction].* 

If tho Moon be to tho cast [of the nonagesimal], itis thrown 
forward from the Sun, if to the west it is thrown backward (by 
tho parallax). ' i 

28. Andifthe Moon be advanced from the Sun, then it 
must be, inferred that the conjunction has already taken placo 
by reason of the Moon’s quicker motion; if depressed behind 
tho Sun, thon it may be inferred that the conjunction is to 
come by tho samo reason. 

Hence the parallax in time, if tho Moon be to the cast [of 
the nonagosimal] is to be subtracted from the end of tho Tittu 
or tho hour of ecliptic conjunction, and to be added when tho 
Moon is to tho west [of the nonagesimal], 

29. The latitudo of tho Moon is north and south distance 
betweon tho Sun and Moon, and the warr also is north and 
south. Hence the sara or, latitude applied with the nati or 
the parallax in latitude, becomes tho apparent latitude (of tho 
Moon from the Sun). 

VALANA or variation (of the ecliptic). 

[Tho deviation of the ccliptic from tho eastern point (in 
reference to the observer’s placc) of a planot’s disc, situated 
in the ecliptic is called tho VaLANa or variation (of the ccliptic). 
It is evident from this, that the variation is equivalent to the 
arc which is tho measuro of tho angle formed by the ccliptic 
‘and the secondary to the circle of position at the planct’s 
‘ placo in the ecliptic. It is equal to that arc also, which is the 


© Tt is clear from the following proportion. 
If difference in minutes of daily motions of Sun and Moon. 
: 60 gHaTIs — what will ; 
: : given LAMBANA—KA'LAS or minutes of tho parallax give ; 
60 x given minutes of the parallax 
or 


dif. in minutes of Sun's and Moon's motions 
given minutes of the parallax 
m = acceleration or delay of con» 
diff. in degreca of Sun’s and Moon's motions 
junction arising from parallax.—L. W. 
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measure of the angie at the place of tho planct in tho ecliptio 
formed by the circle of position and the circle of latityde. It 
is*very difficult to find it at once. For this reason, it ix 
divided into two parts called the AxKsiA-VALANA (latitudinal 
variation) and tho £YaNA-vALANA (solstitial variation). The 
AKSHA-VALANA is tho are which is the measure of the anglo 
formed by the circle of pbsition, and the circle of declination ut 
the place of the planet in the ecliptic, and tho ÁYANAsVALANA 
is the are which is the measure of tho angle formed by tho 
cirelo of declination and the circle of latitude. This angle is 
equivalent to tho anglo of position. From thesum or differ- 
ence of these two ares, tho are which is the measure of tho 
anglo formed by the circlo of position and the circle of latitude 
is ascertained, and hence it is sometimes called the s’rasuta- 
VALANA or rectified variation. 

Now, according to the ‘phrascology of the Sibpafnras, tho 
point at a distance of 90° forward from any placo in any 
circle is the cast point of that place, and tho point at an equal 
distance backwards from it is the west point. And, the right 
hand point, 90° distant from that place, in the secondary to 
the former circle, is the south point, and tho left hand point, 
is the north point. According to this language, the deviation 
of the east point of the place of the planct in tho ecliptic, from 
the east point in the secondary to the circle of position at the 
planet’s placo, is the varana. But tho secondary to the circlo 
of position will intersect the prime vertical at a distanco of 
cu forward from tho place of tho planct, and hence the 
deviation of the east point in the ecliptic from the cast point 
in the prime vertical is the varana or variation, and this results 
equally in all dircetions. When the cast point in the ecliptic 

is to the north of the east point in the prime vertical, the 
variation is north, if it be to the south, the variation is south. 
The use of the varana is this that, in drawing the projec- 
tious of the eclipses, after the disc of the body which is $o be 
eclipsed is drawn, and the north and south and the cast and 


M , i 
. 
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| 
west lincs are also marked in it, which lites will, of course, 
represent the circle of position and its secondary, the direction « 
of the line sepresenting the ecliptic in the disc of the body can 
easily be found through the varana. This direction being 
known, the exadt directions of the beginning, middle ‘and the 
end of the eclipse can be determined: But as the Moon 
revolves in its orbit, the direction of its orbit, therefore, is to 
be found. But the method for finding this is vory difficult, 
and consequently instead of doing this, Astronomers deter- 
mined the direction of the ecliptic, by means of the Moon’s 
corresponding place in it and then ascertain tho direction of 
the Moon’s orbit. 
The varana will exactly be understood by seeing the follow- 


ing diagram 


* Let E P.C be the ecliptic, P the place of the planet in it, 
A h B the equinoctial, V the vernal equinox, D 4 F the prime 
vertical, h the point of intersection of the prime vertical and 
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v 
the equinoctial, henfe % the east or west point of the horizon 
‘and D h equivalent to the wata which is found’ in the V, 36. 
Again, let e P c, a P b and dP f bo the circles of latitude, 
declination and position respectively passing through the place 
of the planet i in the ecliptic. 


' Then, 
the arc f b which is the measure of < bh P f = tho-{xaa- 
VALANA : 
the arc be vreccossecesserees PRETOR £ e Pb = the yana- 
VALANA : 
and the arc fie .ecssssessscsscceesoeees £ e Pf=the srasnpa- 
VALANA, 


Or according to the phrascology of the Srmpndntas 
E the east point of P in tho ecliptic ; 


Be E yikama eessssssose tho cquinoctial; , 
D cevssscecsessessesecseeses the primo vortical ; 
hence, = oe 


the distance from D' to A or arc D A or f b = the XxsHa- 
VALANA : 
E .... Ato E or arc À E or b ¢ = the ÁYANA-VALANA : 
and essens Dto E or arc D E or fe = the sPaSHTA-VALANA 
or rectificd variation. 
These arcs can be found as follows 
Let, l = longitude of the planet, 
e = obliquity of the ecliptic, 
d = declination of the planet, 
L = latitude of the place, 


n == NATA, 
w = ÁYANA-VALANA, 
== XKSHA-VALANA, 


and Z = rectified VALANA. 
Then, in the spherical triangle A V E, 
sin E A V; sin AVE =sin EV: sin AE, 
or cos d : sine = cos} ;ginw, > 
vue 
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e. 
Ene. cosl, 
.”. Sinvz or sine of tho AYANA-VALANA = 


(A) 
; cos l ° 
_ Keo V. 32, 33, 34, 
' This VALANA 5 called north or south a point E de north 
or south to the point A. 
And, in tho triangle A h D. 
“sin DA hisin AA D=sin Dh: sin D A; 
hore, sin DA h = sin E A V = cos d, 
sin Ah D = sin L, 
and sin Dh = sin n, 
cos d : sin L = sin v : sin y, 
sin Ti, sin n 
sin y or sine of the AKSHA-VALANA = —— 
cos (l 


(B) 

Seo V. 37. , 

The Axsua-vAtana is called north or south as tho point A 
be north or south to the poiht D, 

And the rectified varana D E= 1) A+ A 5, when tho 
point A lies between the points D and E, but if the point A 
be beyond them, tho rectified varana will be equal to the 
_ difference between the Axsua and ÁYANA-VALANA. This also 
is called north or south as the point E be north or south to 
the point D. ' 

The ancicnt astronomers Lata, S'rfrati &c. used tho 
co-versed sin l instead of cos / and the radius for the cos « 
m (A) and the versed sin v in the place of sin n and radius 
for the cos d in (B) and honce, the varanas, found by thòn: 
are wrong. BuáskargcHaRya therefore, in order to convince 
the people of tho said mistake made by Larra, S’rfrati, &c. 
in finding tho vatanas refuted them in several ways in tha 
subsequent parts of this chapter.--B. D.] 

30. In either the Ist Libra or the Ist Aries in tho equi- 
noctial point of intersection of the 
equinoctial and ecliptic, the north and 


south lines of the two circles i. o. their secondaries are different 


Avava-VaLANA, 
t 
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and aro at a distayce* of the extreme declination (of tho Sim 
i, e. 24°) from each other. g 
* 31. Hence, the <vANA-VALANA will then bo, equal to tho 
xine of 24° :—The north and south lines of these two circles 
however aro coincident at the solstitial points. 

82, 33 and 34, ‘And the north and south lines being there 
coincident, it follows 4s a matter of course that tho cast of 
those two circles will bo the same. Honce at the solstitial 
points there is no (AYANA) VALANA, 

When the planet is in any point of the ecliptic between the 
equinoctial and solstitial points, £YANA-VvALANA is then found 
by proportion, or by multiplying the co-sine of tho longitude 
of the planct by the sino of 24°, and dividing tho product by 
the yusya or the co-sine of the declination of the planct. 
This £YANA-VALANA is called north or south as tho planct be 
in the ascending or descending signs respectively. 

Thus in like manner at tho point of interscction of the prime 
vertical and equinoctial, the six o’clock 
lino is the north and south lino of tho 
equinoctial, whilst the horizon (of the given place) is tho north 
and south line of the prime vertical. Tho distanco of these 
north and south lines is equal to the latitudo (of the place). 

35. Hence at (the cast or west point of) the horizon, tho 
AKSIIA-VALANA is equal to the sino of the latitude. At midday 
the north and south line of the equinoctial and prime vertical 
is the same. Henco at midday there is no AKSHA-VALANA. ° 

36. For any intervening spot, tho ÁKSHA-VALANA 18 to bò 
found from the sino of tho natat by proportion. 

First, the degrees of Nara are (nearly) to be found by 
multiplying the timo from noon by 90 and dividing tho 
product by the half length of day. 


AKSHA-VALANA, 


* [By the distance of any two great circles is here meant an aro intercepted 
between them, of a great circle through tho poles of which they pass.—B. Da 

t [Here the mata is the arc of the prime vortical intercepted between the 
=i and the secondary circle to it passing through the place of thé planet, —, 
3B. D, 
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37. Thon the sino of the Nara degrees fjultipliod by the 
sino of latitude, dud divided by the co-sine of tho declination 
of tho planct.will bo the AxsHA-vaLana. If the nata be to 
the cast, the AksvA-VALANA is called north. If west, then it 
is called sonth (in‘the north terrestrial latitude). : 

Tho sum and difference of tho AYANA and AKSHA-VAEANAS 
must be taken fór the sPASHTA-VALANA, 
viz. their sum when the AYANA and 
AkSITA-VALANAS arc both of tho samo denomination, and their 
difference when of different denominations i. e. one north and 
the other south. 

38. When tho planct is at cither the points of the inter- 
section of the ecliptic and primo vertical, tho sPASHTA-VALANA 
found by adding or subtracting the AYANA and AKSIIA-VALANAS 
(as they happen to be of the same or different denominations) 
is for that time af its maximum. 

39. But at a point of the ecliptic distant from the point of 
intersection three signs cither forward or backward, thero is 
no SPASHTA-VALANA : for, at those points the north and the south 
lines of tho two circles are coincident. 

40. However, were you to attompt to shew by the uso of 
the versed sine, that there was then no srasiifA-VALANA at 
those points, you could not succeed. Tho calculation must be 
worked by the right sine. I repeat this to impress tho rulo 
moro strongly on your mind. 

‘Al, As all the circles of declination meet at tho poles; it 
' Another way of refutation 18 therefore evident that the north« 


SPASITA-VALANA. 
e 


of using the versed sme. and south line perpendicular to the 
cast and west line in tho plane of the equinoctial, will fall in 
the poles. 


42. But all tho circles of celestial latitudo meet in the 
pole of the ecliptic-called the kanampa, 24° distant from the 
eqninoctial polo. And it is this ecliptic pole which causes and 
makes manifest the VALANA, 

43. In the ecliptic poles always lies the north and south 
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a 
line which is perfendicular to the cast and west linc in the 
plane of the ecliptic. : 
* To illustrate this, a circle should be attached to tho sphere, 
taking the equinoctial pole for a centre, and 24° for radius, 
This circle is called the KADAMBA-bURAMA-vHITTA or tho circle 
in which the KADAWBA revolves (round the pole). 

The sincs in this clrclo correspond with tho sines of the 
declination. . 

All the secondary circles to tho prime vertical meet in the 
point of intersection of the meridian and horizon, and this 
point of intersection is called sama i. c. north or south point 
of horizon. 

Now from tho planct draw circles on the sphere so as to 
meet in the sama, in the cquinoctial pole and also in tho 
ecliptic pole. 

Tho threo different kinds of varana will now clearly appear 
between these circles: viz.the AKsWA VALANA is the distance 
between tho two circles just described passing through tho 
saxa and cquinoctial pole. 

2. Tho ÁYANA-vALANA is the distanco between tho cireles 
passing through the ecliptic and equinoctial poles. 

3. Tho SPASHȚA-VALANA ìs tho distance between tho circles 
passing through the sANA and KADAMnA, 

These threo VALANAS aro at tho distanco of a quadrant from 
the planet and are the same in all directions. 

48 and 49. Or (to illustrate the subject further) making 

Second mode of illastrat- the planet as the polo of a sphere; 
ing the Srasuta-valaya. draw a circle at 90° from it: then in 
that circle you will observe the AKsHA VALANA—which, in it, 
is the distance of the point intersected by the equinoctial frum 
the point cut by the prime vertical. 

The distance of the point cut by the equinoctial ffon that 
cut by the ecliptic is the 4yana—and the distance botween the 
points cut by the ccliptic and prime vertical the grasuya- 
VALANA. . 
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50. In this case tho plane of the ccliptic i$ always east and 
west—celestial ldtitude forming its north and south line. Those 
therefore who (liko s‘efratt or Latta) would add the sard 
celgstial latitude to find the VALANA, labour under a grievous 
delusion. j ‘ ' 

öl. The Ist of Capricorn and tho celiptic’ polo reach the 
meridian at the same time (in any latitude) : so also with 
regard to-tho Ist Cancer. Hence at the solstitiul points thero 
is NO AYANA-VALANA, 

52. As tho Ist Capricorn revolves in tho sphere, so tho 
ecliptic pole revolves in its own small circlo (called the Ka- 
DAMDA-BHRAMA-VRITTA round the pole). ` 

53 aud öt. When the 1st of Aquarius or the Ist of Pisces 
comes to the meridian, the distance in the form of a sino in 
tho KADAMBA-DHRAMA-VuTTA, between the ccliptic polo and 
tho moridian is the AvANA-VALANA. ‘This VALANA corresponds 
with the krantuyé or the sing of declination found from tho 
degrees corresponding to the timo clapsed from the 1st Capri- 
cornus leaving the meridian. 

65. As the vorsed sine is like the sagitta and the sino is 
the half chord (therefore the versed sino of the distance of 
the ecliptic pole from the meridian will not express the proper 
quantity of vaLaNa as has been asserted by Larra, &c.: but 
the right sine of that distance does so precisely). Tho dyana- 
VALANA will be found from the declination of the longitude of 
the Sun added with threo signs or 90°. 

* 56. Those poople who have directed that the versed sitaum 
of the declination of that point throe signs in advance of the 
Sun should bo used, have thereby vitiatod the whole caleula- 
tion. AKSITA-VALANA may be in like manner ascertained and 
illustrated : but it is found by tho right sine, (and not by the 
versed sine). 

.57. He who prescribes rules at varianco with former texts 
and does not show the error of their authors is much to be 

“blamed. Honco I am acquitted of blame having thus élearly 
_exposed the crrors of my predecessors. 
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58. The inapplicability of the versed sine iir bo farther 

Another way of refutation, illustrated as follows. ‘Make the eclip. 
of using the versed sine. tic pole the centre and draw the circle 
called the srNa-vgrrra with a radius equal to 24°, 

59. ° Then make's moveable secondary circle to the ecliptic 
to revolve on the’two ecliptic poles. This circle will pass over 
tho equinoctial poles, when it comes to the end of the sign of 
Gemini. ‘ 

60. By whatever number of dogrees this secondary circlo 
is advanced beyond tho end of Gemini, by precisely the same 
number of degrees, it is advanced beyond tho equinoctial polo, 
in this small yina-vgrrra. ‘Tho sine of those degrees will be 
there found to correspond exactly with and increaso as docs 
the sine of tho declination. 

G1. And this sino is tho Ayana-vataNna: This varana is the 
VALANA at the end of the pynsya. For the distance between 
the equinoctial pole and planet is, always equal to the are of 
which the pyxsva is the sino i. o. the cosine of the declination. 

62. But as the valuo of tho result found is required in ` 
terms of tho radius, it is consequently to be converted into 
those terms. 

As tho gra-vgirta was drawn from the ecliptic pole as 
centre, with a radius equal to the greatost declination, so now, 
making the sama centre draw a circle round it with a radius 
equal to the degrees of the place’s latitude. (This circle is 
called AKSHA-VRITTA.) 

63 and 64. To the two sawas or north and south points of 
the horizon as poles, attach a moveable secondary circlo to the 
prime vertical. Now, if this moveable circlo be brought over 
the planet, then its distanco counted in the AKSUA-VRITTA or 
' small circle from the equinoctial pole will bo exactly oqual to 
that of the planet from the zenith in the prime vertical. The 
sine of the planet’s zenith distance in tho prime vertical, will, 
when reduced to the value of the radius of AKsHA-VgITTA 
represent the AKSHA-VALANA. 

è N. 


e 
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65. As in tho AYANA-vALANA go also in this ÊK8HA-VALANA, 
the result at thd'end of the pyNsyYÁis found ; this therefore must 
be converted into terms of the radius, From this illustratioñ 
it is evident that it may be accurately ascertained from the 
zenith distance int the prime vertical. . ° 

66. I will show now how tho Axswa-vatdna may be also 
ascertained from the time from tho 'plancts being on the 
meridian-in its diurnal circle. [The rule is as follows.} Add 
or subtract the s'ANKUTALA [of a given time] to and from tho 
sino of amplitude according as they 
are of the same or of different dono- 
minations (for the BAHU or BRUJA). 

67. The sine of the latitudo of the given place multiplied 
by the sine of the asus of tho time from the planet’s being on 
the meridian, and divided by the square-root of the differonco 
between the squares of tho snusa (above found) and of the 
radius, will be exactly the AKgia-VALANA.* 


® This rule and the means by which it has been established by BrAsxanfgui- 
RYA require elucidation. 

BHÁSKARA'OHA'RYA first directs that the Ba'wy or Bnuza be found for the 
time of the middle of the eclipse and that a circle parallel to the prime vertical, 
be drawn having for its centre s point on the axis of the prime vertical distant 
from the centro of the prime vertical, by the amount of the Ba’auv. From this 


as centre and the Kopr equal to =y rad*—Ba’HU* as radius draw s circle paral- 


lel to the prime vertical, This circle called an Uravarrra will cut the diurnal 
cirele for the time on 2 points equally distant from the meridian. Connect those 
points by a chord. The half of this chord is the Watacuati’sy4 as well in the 
diurnal circle as in the UPAVRITTA, but as these 2 circles differ in the magnitude, 
these sinos will be the sines of a different number of dogrees in each circle. Now 
the nataGHarrsy is known, but it is in terms of a largo circle. Reduce them to 
their value in the diurnal circle, 

1, IfTRIJYÁ : NATAJYÁ : : DyNsya’ : sine of diurnal circle. t 

This sine in diurnal circle is also sine in UPAVRITTA. 

3, If UPA-VRITTA-TBIJYA : this sine : : TRIJYA equal to akemasyA, 

9. pyNava’ : this result: : TRIJYA : sine of AKSHA-yALANa 

now cancel 
and there will remain the rule above stated 


matasra X AKSIATYA’ 
amme ——-———— = sine of AKBHA-YALANA, 
UPAVRITTA-TRIJYA’ 
© Wore our author makes use of the diurnal circle and uravatrra in term of 
the equator and prime vertipal, whose portions determine the VaLana, The 
smaller birclos being parallel to the larger, the object sought is equally attained. 


l, » 


See verse 41, Chap. VII. 
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68. Or the £kfHa-vatana may be thus roughly found. 

Multiply the time from the planct’s being 6n the. meridian 
and divide the product by the half length of day, tho result 
aro the NATA degrees. The sine of these Nata degreos 
multiplied by thé ‘sine of tho latitude and’ divided by the 
pynsvX or the cosine of the declination, will give the rough 
AKSHA-VALANA. : 

69. Place tho disc of tho Sun at the point at which the 
diurnal circle intersects the ccliptic. 
The arc of the disc intercepted bo- 
tween these two circles ropresents tho AYANA-VALANA in terms 
of radius of tho disc. 

70. This varana is equal to the difference between the 
sino of declination of the centre of the Sun and of the point 
of intersection of the dise and ecliptic; and it i is thus found ; 
multiply the radius of dise by the BHOGYA-KHANDA of tho 
BHUJA of the Sun’s longitude andsdivide by 225. 

71, Then multiply this result by sine of 24° and divide by, 
tho radius : tho quotiont is the difference of the two sino of 
declination. This again multiplied by the radius and divided 
by the radius of Sun’s disc will give the value in terms of tho 
radius (of a great circle). 

72. Now in these proportions the radius of tho Sun’s disc 
and also radius are in one case multipliers (being in third 
places), and in the other divisors (being the first terms of the 
proportion) therefore cancel both. There will then remain‘ 
xule, multiply the Sun’s BHoaYA KHANDA by sino of 24° and ° 
divide by 225. 

73. And this quantity is equal to the declination of a point 
of ccliptic 90° in advance of Sun’s place. Thus you obsorve 
that the varana is found by the sine of declination as above 
alleged, (and not by tho versed sinc). Abandon therefore, 
O foolish men, your crroneous rules on this subject. a 

74. Tho disc appears declined from the zenith ljke an 
umbrella ; but the declination is direct to the equinoctial pole : | 

°. w2 


Further illustration, 
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d 
the proportion of the DYNJYÁ or complomenf, of declination is 
therefore;required to reduco the vauaNa found to its proper 
value in torms of tho radius. 
End of Chapter VITI. In explanation of the canso of 
eclipses of tho Sún and Moon. 


E age ' 
e 


. CHAPTER IX, 


Called DRIKKARJMA-VÁSANÁ on the principles of the Ruler fur 
finding the times of the rising and setting 
of the heavenly bortivs, 


. 1. A planet is not found on the horizon at tho time at 


Object of the correction Which its corresponding point in tho 
call the DRIKKARMA 


which is requisite tq be ap- ecliptic (or that point of tho ecliptic | 


lied to the place of the : : 
clan, Re ai a the point having the same longitude) reachos 


of the ecliptic onthehorizon the horizon, inasmuch as it is clevated 

when the planet reaches if. ove or depressed below the horizon, 

" by the operation of its latitudo. A correction called ppik- 

Karfa to find the exact time of rising and setting of a planet, 
erefore necessary. 

2. When the planet’s corresponding point in the ccliptic 
reaches the horizon, the latitude then does not comcide with 
the horizon, but with the circle of latitude. The elevation of 
the latitude abovo and depression of it below the horizon, is of 

‘two sorts, [ono of which is caused by the obliquity of the 
* ecliptic and the other by tho latitudo of the placo.) Henos 
the DRIKKARAma is two-fold, i. e. the AYANA and the AKsHAJA or 
AxsuA. The detail and mode of performing these two sorts 

of the correction are now clearly unfolded. 

3. When the two varanas arp north and the planet’s 
corresponding point in the ecliptic is 
in the eastern horizon, the planet is 

thereby depressed below the horizon by south latitude, and 
"elevated when the planet’s latitude is north. 


S DEEREANMA,: 
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$ 
4, When the two kinds of vatana are south, then the 
* reverse of this takes place ; the reverso of this ‘also takes placo 
when tho planet’s corresponding point is in tho western hori- 
zon. 

[And the difference i in the times of rising of the planct and 
its corresponding point is called the resultant time of the 
DRIKKARMA and is found’by the following proportions.]. 

Tf radius: AYANA-VALANA :: what will cclostial "latitudo 
give? 

5. And 
if cosine of the latitude of the gra! : ÁKSHA-VALANA . 
placo 
: : what will SPASHȚA S'ARA givo ? 

Multiply the two results thus found by theso two propor- 
tions, by the radius and divide the products by tho pyvsyf or 
cosine of declination. ° 

6and 7. Tako tho arcs ‘of these two results (which aro 
sines) and by the asus: found from the sum of or tho difference 
between theso two arcs, the planet is depressed below or 
elevated above the horizon. The Laana or horoscope found 
by the direct process (as shown in tho note on the vorse 
26, Chapter VII.) when tho planet is deprossed and by tho 
indirect precess (as shown in the same note) when it is 
elevated, by mcans of the asus above found, is its UDAYA 
LAGNA rising horoscope or the point of tho ecliptic which 
comes to the eastern horizon at the same time with the 

¥'4,anet. 

When tho planct’s corresponding point is in tho western 
horizon, the LaaNna horoscope found then by the rule converse 

_ of that abovo given, by means of the place of the planot added 
with 6 signs, is its asta LAGNA setting horoscope or the point 
of the ecliptic which is on the eastern horizon when the plahet 
comes to the western horizon: - e 

8and9. For the fixed stars whose latitudes arg very 
considerable the resalted time of the DRIKKARMA is found in a 


198 ` ` Translation of the IX. 9.. 


6 

difforont way. Find tho ascensional difference from the mean 
declination of the star, i. e. from the declination of its corre. | 
sponding point in the ccliptic, and also from that applied with 
the latitude, i. @. from the true declination. The asus found 
from the sum of or tho difforonco between tho ascénsional 
differences just found, as the mean and true declinations are of 
tho different or of the samo denominations respectively, are tho 
asus of: depression or clovation depending on tho Axsia 
DRIKKARMA. (Find also the time depending on the ÁYANA- 
DRIKKARMA) : and from the sum of or the difference between 
them, as they may be of tho same or difforent denominations, 
the UDAYA LAGNA or ASTA LAGNA may be ascertained as above 
found (in the 6th and 7th versos).* 


* Lot AD BC be the meridian; C E D the horizon, A tho zenith; E the 
cast point of the hprizon; F RG the equinoctial; K the north polo; L the 
south ; P the planet ; p its corresponding point in the ecliptic; IT P p J tho 
secondary to the ecliptic passing through the p'anet P, and hence p P tho 
latitude, Lot P g the diurnal circle passing through tho planet P and hence 
p R the reotified latitude. l 

Now, when tho corresponding place of tho planet is in tho horizon, it is then 
evidont from the accompanying figure, that the planet is elevated above or 
depressed below the horizon by its latitude p P and as it is vory dificult to find 
the elevation or depression at once, it is therefore ascertained by means of its 
two parts, the one of which is from the horizon to the circle of declination, i. e, 
Q to R. This partial clevation or dopression takes place by the planet's rectified 
latitude p R. And the other part of the elevation or depression is from tho 
cirole of declination to the cirele of latitude; i. e. from R to P and this occurs 
by the planet's mean latitude p P. From the sum or differencosof theso two 

arts, the exact elevation of tho planot above the horizon or the depression 
low it, can be determined. When the terrestrial latitude, of the given place 
is north and the planet's corresponding place in the ccliptic is in the castern 
horizon, the a’ksHa-VaLawa is then north and tho circle of declination is 


" elevated above the horizon to the north. For this reason, when the a’KsHA- 


YALANA is north, tho planet will be elevated above the eastern horizon if ie 
latitude be north, and if it be south, the planct will be depressed below fha” 
horizon, But the reverse of this takes place whon the a’KsHa-VaLaNa is south 
which occurs on account of the south latitude of the given place, i.e. when the 
A'ESHA-YALANA is south, the circle of declination is depressed below fle horizon 
to the north and hence the planet is depressed below it, if its latitude be north, 
and if it be south, the planot is elevdted above the horizon. 

Again, when tho planet's longitude terminates in the six ascending signs, it is 
evident that the Avyawa-varana becomes ther north, and the north pole of the 
ecliptic is elevated above the circle of declination passing through the planct. 
Hence, when the a’YaNa-vaLana is north, the planot is elevated above or 
éepressed below the circle of declination by its mean latitude, as it is north or 
south. But the reverse of this takes ploe, when the A'YaNa-vatawa is south, 
i, e. the planet is depressed below or elevated above the circle of declination, 
as its latitude is north or south. Bocause when the a’'yaNa-vaLaNa is south 

e 


-~ 
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the north polo of the ecliptic lies below the circle of declination and tho south 
above it. 

Again, when the planet is in the western horizon, the circle of declination 
passing through the place of the planet in the ecliptic lies to the north above 
tho horizon, but the axsia-vaLaNa, becomes south and hence the reverso takes 
j--0e of what is said about the elevation or depression when the planet is in the 
eastern horizon. But as to the ÁYANA-VALANA, it becomes north when the 
longitude of the planet terminates in the ascending six signs and the north pole 
of the ecliptic lies below the circle of declination. Hence the depression of the 
planet takes place when its latitude is north and the elevation when the latitude 
is south. But when the longitude of the planet terminates in the discending 
six signs, the Ayawa-VaLaNa becomes then south and the north pole of the 
ecliptic lies sbove the circle of declination. For this reason, the elevatien of the 
planet takes place when ite latitude is north, and the depression when it is 
south. ‘Thus in the western horizon the elevations and depressions of the planet 
are opposite to those when the planet is in the eastern horizon. ° 

Now, the time elapsed from the plahet’s rising when it is elevated above the 
horizon and the time which the puni will take to rise when it is déprossed 
below the horizon, are found in the following manner. 
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10. The [Asrasupa] S/ara or true latitfide [of the planet) 
To find*the value of ce- Multiplied by the Dyvsya or cosing . 


aul ofc te ofa of declination of the point of the eclip. 


der it fit to be added to or tic, three signs in advance of the 
inin fom soatin planet’s corresporfding point %nd di. 


See the figure above described in which the apgle Q K B or the equinoctial 
aro Q’ p’ Genotes the time of elevation of the planet from Q to R, and tho time 
of elevation of the planet from E to P is denoted either by the angle P KR 
or by the equinoctial arc P’ p’. Out of these two times Q’ p’ and P’ p', we show 
at first how to find P’ p’. 

In the triangle P p R, P p= the latitude of the planet, Z P p B = the ° 
A'YANA-VALANA and <2 P R p == —, and 

" R: sinPpR=—sin Pp:sinB P; 
or if radius 
: Bin of A'YANA-VALANA 
== the sine of latitude 
: sin È P. 
Again, by the similar triangles K P B and K P’ p’ 
sin K P: sin B P = sin K P’ : sin P’ p’, 

here, ain K P = cosine of declination and K P = R, 

e€ 
EX sin RP 


cos of declination 


Now, the time p’ Q’ is found as follows. 

” In the triangle p BQ, p E = the spasnta-s’aba which can be found by tho 
rule pe in the V. 10 of this chapter, Z B p Q = aksHa-VALANa and 
<2, B Q p = co-latitude of place nearly ; 

and ".sinp QB:sin Rp.Q::sinp BR: sin BQ 
or, if cosine of latitude, 
: sine of AKSHA-VALAMA, 

== SPASHTA-8/ARA 

i gy les K QR, K Q’ p 
again, by the triangles Pp : 

sin K Q: sin Q R = sin K Q’: sin p’ Q’; 

here, sin K Q == cosine of declination aud sine K Q' = RB, 
Bx snQR 


cos of declination. 

If both of these times thus found, be of the elevation or both of the dopra: 
sion, the planet will be elevated above or depressed below the horizon in the 
time equal to their sum, and if one of these be that which the planet takes for 
its elevation and the other for its depression, the planet will be elevated above 
or depressed below the horison in the time equal to their diffdtence as the 
remainder is of the time of elevation or of that of the depression. The sum or 
difference of the two times just found is called the resulted time of the DRIK- ° 
KARMA in the S’'IDDHANTAB. à 

That point of the ecliptic which is on the eastern horizon when the planet 
reaphes it, is called the UDAYA Laaya rising horqecope of the planet. As it is 
‘necessary to know this upava Lagra for finding the time of the planet's 


is depressed by the reaulted time abor tioned, it is evident that 
Pen tho Anae wil goa $0 the eastern octan ita corresponding ‘lace in the 
‘ í i P 


s sin P’ p' = 


. tin p = 
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vided by the radiu& becomes [nearly] the SPASHTA oF rectified 
latitude, [i. o. the arc of the circle of declination infercepted 
between the planct’s corresponding point in tho, ecliptic and 
the diurnal circle passing through the planet]. This rectified 
latitud’ is used whén it is to be applied to tho'mcan declination 
and also in the ÁKSHA DRIKKARMA,* 

11. The celestial latitude is not reduced by Branmagupra 


ecliptic will be elovated above it by the resulted timo. For this reason, having 
assumed the corresponding place of the planet for the Sun, find the horoscope 
by the direct. process through the resulted time and this will be the rising 
horoscope. But if the planet ho elevated above the horizon by the resulted time, 
its corresponding place will then be depressed below it by the same time when 
the planet will come to it. Therefore, tho horoscope found by the indirect 
process through the resulted timo ; will be the rising horoscope of the planet, 
That point of the ecliptic which is on the eastern horizon when the planet 
comes to the western horizon, is called the ASTA LaGNa or setting horoscope of 
the planet. As it ie requisite to know the setting horoscope for finding the 
time of setting of the peret we bhercfore now show the way for finding the 
sotting horoscope. If the planot be depressod below the western horizon by the 
resulted time, it is plano that when the planet will reaches it, its corresponding 
place will be elevated above it by, the resulted time and consequently tho 
corresponding place of tho planet added with six signs will be depressed below 


the eastern horizon by the.same time. Therefore, assume the corrosponding 


place of the planet added with six signs for the Sun and find the horoscope by ° 


the indirect process, through the resulted time and this will bo the asta LAGNA 
setting horoscope, But if the planet be depressed below the western horizon, its 
corresponding place added with six signs will then be elevated above the vastorn 
horizon by the resulted time and hence the horoscope found by the direct process 
will then be the asta LAGNA setting horoscope. 

Now the time p’ Q which is determined above through the triangle p R Q, is 
not the exact one, because, in that triangle the angle p Q R is assumed equal to 
the co-latitude of the given place, but it cannot be exactly equal to that, and 
consequently the time p’ Q’ thus determined cannot be the exact time. But no 
considerable error is caused in the time p’ Q’ thus found, if the latitude be of a 
planet, as it is always small. As to the star whose latitude is considerable, the 
gr ’ Q thus found cannot be the exact time. The exact timo can be found , 
aa follows. 


a Seo the preceding figure and in that take R for a star and p the intersecting ° 


l point of the ecliptic, and the circle of declination passing through the star B then 


p p’ is called the mean declination of the star, B p, the rectifled latitude and Rp’ 
the rectified declination. 

Now, find the ascensional difference E p’ through the mean declination p p’ 
and the ascensional difference E Q' through the rectified declination E p'or 
QQ’. Find the difference between these two secensioval differences and this 
difference will be equal to p’ Q’ i.e. E Q’—E p’ = p' Q’. But it occurs then 
when p and R are in the same side of the equinoctial F G and when jis in one 
mde and R in the other of the equinoctial, i+ is evident that p' Q’ in this case 
will be equal to the sum of the two ascensional differences.—B. D 


* This rulo is admitted by BadexanMoudnra to be incorrect; but the 
error being small, is neglected. Instead of using the pyvszA, the vasupt should 
lave been adopted. 


& o. 
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Omission of the last and other early astrénomers to its value 


mentioned gorrection or re- in declination: and the reason of this « 


duction of Celestial latitude eat : 
to its value ine declination, OMISS00, Seems to have becn ifs 


by B , ea ca 
ee and smallness of amount. And also it is 


: the uncorrected ‘latitude which is 
uscd in finding the half duration of the eclipses and in their 
projectiqns &c. ' 


12. As the constellations are fixed, their latitudes as given 
in the books of these eurly astronomers are the srasuat- 
B'ARAS, i. ©. tho reduced values of tho latitudes su as to render 
them fit to be added to or subtracted from the declination ; 
and tho psguvas or longitude of these constellations are given, 
after being corrected"by tho AYANA DRIKKARMA so as to suit 
those corrected latitudes that is, the star will appear to rise at 
the equator at the samo time with longitude found by the 
correction. ° 


Let a d be equinoctial aud P the equinoctial pole, 


e @ b= Keliptie, 
b e = Celestial latitude, ' 
& o= Celestial lntitudo reduced to its value in 
declination is KOȚI, 
== BHUJA being aro of diurnal circle e s g 
=: k b portion of diurnal circle of tho planet's 
longitude at b. 
The triangle s o b or # k bis assumed to bo a DIG- 
VALANAJÁ TRYASRA, : 
The anglo s ò o = d¥aNa-vaLana or the angle of 
the inclination of sb which 
gocs to ecliptio pole with bc 
which goes to equinoctinl 
r pole, 
Hence thia trianglo a bc is called DIG-YALANSJÁ 
TRYSRA, the unglo a bc varying with tho Áyana-varana. If} were at the dat 
Cancer, then the north line a b o which goes to the pole would go also to tho 
ecliptic pole, 
ence the agPasiya ga’na, and srasHTa B'ARA of a star of 90° of latitude 
being both represented by å o would be the same, ‘To the longitude of a star 
being 270°, ite asyasnpa and srasnta SÁRA would be the same.—-L. W. 
(The rule stated in this vorse is founded upon the following principle. ‘ 
Assumjng the triangle s be as a plane i rate ee triangle and the angle 
& b o, as the declination of the point of the ecliptic three signs in advance of the 
planet’s corresponding place, because this declination is nearly equal to the 
éyaxa-vaLawa, we haro, 
siuecb:cosabossbasdcy i 
or R : masuri or nearly the cosine of the declination of the planet's place 9°0 + 
c= Celuatial latitudo ; rectifled latitude.—B, D.) 


ae 
ae 
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13. Those astronomers, who have mentioned that celostial 
Soar 2c, latitude is an arc of’a circjo of de- 
poses the incorrect theory Clination, are stupid. Were tho ce- 
of certain of his predecewsors, Tastin] Jatitudo nothing more than an 
by quoting their own prac- t : 
tice whiôh is irreconcilable arc of a circle of declination, then why 
with their own theory. 

should they or others havo evor had 
recourse to the AYANA’ DRIKKARMA at all? (‘The planets or 
stars would appear on tho six o’clock line at tho time,that tho 
corresponding degree of the ecliptic appeared there.) 

14. How morcover have these samo astronomers in deline- 
ating an eclipse marked off the Moon’s latitude in the middlo 
of the eclipso on SPAXHTA-VALANA-SUTRA or on the line denoting 
the secondary circle to the cchiptic? and how also have they 
drawn perpendicularly on the vaLANA-sGTRa or the line repre- 
senting the ecliptic, the latitudes of the Moon at tho com- 
mencement and termination of tho eclipse. 

15. How moreover, have they made the latitudo Koņi, i, o. 
perpendicular to the ecliptic and thus found tho half duration 
of tho eclipso? If tho latitude wero of this nature, it would” 
never be ascertained by tho proportion (which is usod in 
finding it). | 

16. A certain astronomer has (first) erroneously stated tho 

Censure of the astrono- DRIKKARMA and VALANA by the versed 


ptas a mony Bosa sine. This course has been followed 


KARMA and VALANA. by others who followed him like blind 
men following each other in succession: [without seeing, 
hoir way]. 


17. Buanmacurra’s rule, however, is wholly unexceptionable, 

but it has beon misinterpreted by his 

followers. My observations cannot be 

said to be presumptuous, but if they are alleged to he so, 

[ have only to request able mathematicians to weigh them 

with candour. . 
18. The DRIKKARMA and VALANA found by the former astro- 

o2 


Praise of BRAHMAGUPTA, 
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e 
nomers through the versed sine are erroneous: And I shall now 
give an instancd in proof of their error. . 
19 and 20, In any place having latitude less than 24° NÑ, 
An instance in proof of Multiply the sine of the latitude of the 
the error. i place by the radius and divide the 
product by the sine of 24° or the sino of the obliquity of the 
ecliptic and take the arc in degrees of the result found. And 
find the: point of the ecliptic, the degrees just found in 
advance of the 1st Arios, Now, if from this point the planet’s 
corresponding point on the ecliptic three signs backwards or 
forwards, be on the western or eastern horizon respectively, 
then the ecliptic will coincide with the vertical circle, and the 
horizon will consequently be secondary to the ccliptic. Hence 
the planet will not quit the horizon, though it be at a distance, 
of extreme latitude from its corresponding point in the ecliptic 
[which is on the horizon], as the celestial latitude is perpen- 
dicular to the ecliptic.* i 
21. In this case the resulted times of -the DRIKKARMA being 
‘of exactly the samo amount But one being plus and the other 
minus, neutralize each other [and henco there is no ‘correc. 
tion]. Now this rosult would not be obtained by using the 
versed sinc—hence let the right sine (as prescribed) be always 
used for the DRIKKARMA. i 


® [Tt is evident that the longitude of this point is equal to the aro through 
which it is found, and as the point of the ecliptic 3 signs backwards or forwards 
‘from this point is assumed on the horizon, this point therefore will at that time 
« be the nonagesimal, and as the longitude of that point or nonagosimal is leg, 
than 9Ce the declination of this point will be north, This declination equals to 
the latitude in question. For 
BR xX sin latitude 


** The sine of the latitude of the point = ———- ==. (by the gi- 
sin 24° 


- A 


sumption) 


sin 24° X sin longitude of the point 
*, sin datitude = neni 


, but this = sin de- 
Radins 


. Clination. 
“*» The declination of tbat point or eo equal to the latitude of the 
place. Agd hence, if the latitude be n the nonagesimal will be in the 
t zenith. For this reason the ecliptic will coincide with the vertical circle.--B. D,] 


e 
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92. Again here, in like manner, it is from the two VALANAS 
having different denominations, but equal values, that they 
mutually destroy each.other. By using the versod sine, they 
would not have equal amounts, hence the vatanas must bo 
found by the right gine. ` 

[In illustration of the fact that tho varana docs not corro- 
spond with the versed sino, but the right sine BHXSKARÁCHÁRYA 
gives as an example.] i 

23. When the Sun comes to the zenith [of the placo where 
the latitude is less than 24°], and consequently the ecliptic 
coincides with the vertical circle, the sPASHTA VALANA then 
evidently appears to be equal to the sino of the amplitude of 
the ecliptic point 90° in advance of the Sun’s place in the 
horizon. If you, my friend, expert in spherics, can make the 
SPASHTA VALANA equal to the sine of amplitude by means of tho 
versed sine, then F will Hold the varana found in the Dnívgiv- 
DHIDA TANTRA by Larra and in the other works to be correct. 

[To this Budsxaracudrya adds a further most important , 
and curious illustration :] ` 

24. In tho place where the latitude is 66° N. when tho 
Sun at tho timo of his rising is in Ist Aries, 1st Taurus, Ist 
Pisces, or in 1st Aquarius, he will then be cclipsed in his 
southern limb, because tho ecliptic then coincides with the 
horizon. Therefore, tell mo how the spasHfa varana will be 
equal to the radius by means of tho versed sine | 

{In the same manner the DRixKarMa calculation as it ' 
dcpends on the vaLana, must be made by tho right sine and 
not by the versed sine and for the same reasons. | 

25. Even clever men are frequently led astray by conceit 

Cause of error in Latta in their own quick intelligence, by 
and others, stated. their too hasty zeal and anxiety for 
distinction, by their confidence in others and by their own 
negligence or inadvertence, when it is thus with the wise, 
what need I say of fool? others, however, have said :— , 

26, Those given to the service of courtezans and bad poets, 
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are both distinguished by their disregard of. the criticisms and 
reflections of the world, by their broach of the rules of time k 
and metres,‘and their destruction of their substance and of 
their subject, being begniled by the vain delight they feel 
towards the object of their taste. 


_End of Chapter IX. called Decca 


CHAPTER X. 


Called S'emnconnati-visank in explanution of the cause of the 
Phases of the Moon. 


1, This ball of nectar the Moon béing in contact with rays 

of the Sun, is always illuminated’ by her shinings on that sido 

« turned towards tho Sun. The side opposite to the Sun dark 
as the ravon black locks of a young damscl, is obscured by 
being in its own shadow, just as that half of a water-pot which 
is turned from the Sun, is obscured by its own shadow. 

2. At the conjunction, the Moon is between us and tho 
Sun: and its lower half which is then visible to the inhabit- 
ants of the earth, being turned from the Sun is obscured in 
darkness. 

Thet half again of the Moon when it has moved to the 
distance of six signs from the Sun, appears to us at the peod 
of full Moon brilliant with light. 

3. Draw a line from the earth to the Sun’s orbit at a 
distance of 90° from the Moon, and find also a point in the, 
Sun’s prbit (in the direction where the Moon is) at a dis- 
tanco equal to that of the Moon from the carth. When the 
‘Sun reaches the point just found, he comes in the line per- 
pendieular at the Moon to that drawn from the earth to the 


Moon. Then the Sun illumines half of the visible side of the 
aa . 9 
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Moon. That is when the Moon is 85°. . 45’ from the Sun 
cast or west, it will appear half full to us.* ° $ 


* 4, The illuminated portion of the Moon gradually increasos 
as it rocedes from the Sun; and the dark portjon increasos as 
it appYoaches.the Stn. As this sea-born gloBe of water (tho 
Moon) is a. sphere, its horns assume a pointed or cusped 
appearance (varying in acuteness according to its „distanco 
from the Sun). ° 

5. (To illustrate the subject, a diagram should be drawn 

Diagram for illustrating 98 follows). Let the distance north and 
the subject. south between the Sun and Moon ro- 
present the BHUJA, the upright distanco between them the 
Kopi and the line joining their centres tho hypothenuse. Tho 
Sun is in tho origin of the piusa which stretches in the direc- 
tion where the Moon is, tho line perpendicular nt the end of 
the suusa is Kop at the: extromi'y of which is "the Moon and 
the lino stretching (from thoeMoqn) iu the direction of tho Sun 
is the hypothenuse. The Sun gives light (to the Moon) through , 
the dircction of the hypothenuse. * 


* This is thua illustrated. Let a repre- 
sent the Warth, å e d the orbit of the 1 Sun, 
e f = dv. of the Moon. Then it is ob- 
vious that half of the side of the Moon 
viaible to us will be illuminated whon 
the Sun is at c and not at d, when the ' 
Sun is at d it will illunino more thun , 
half of the Moon's dive; & e is less than n 
quadrant by the aree d, the sine of which 

e aeoreginterms of the radius of the 
Sun’s orbit, equals to tha Moon's dis- 
tance from the earth. 

[The are b ¢ can be found as follows :— 
In the triangle a e e right angler at e, 

ae == 51666 yosanas, ae =z 689377 


@ yoa yosaxas avcurdiug to the SiDDHA‘’N ras, 
ae 51566 
Then, cos e a e = — = —— = , 0748 = cos 85°... 43’ 
ac 689377 © 


sa arc bc = 85°.. 46’ nearly.- B. D.] 
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[For instance 


Let S be the Sun and m the Moon, then a S = suvsa, 
am = Kopi, m B = hypothenuse. Then f.g a line drawn at 
right angles to extremity of hypotenuse will represent lino of 

, direction of the enlightened horns and the angle hm l opposite 
to BHUJA will be equal to << g m c = the amount of anglo by 
which the northern cusp is elevated and southern deprossed,— 
wore the Moon at k, there would be no elevation of either cusp 
either way. For the hypothenuso will also bisect the white part 
of the Moon. If the Sun is north of the Moon, the north cusp 
of the Moon is elevated: if south the southern cusp. L. W.] 

[Mr. Wilkinson has extracted the following two verses from 

' the GANITADHYXYA. 

I. When the latitudo is 66° N. and the Sun is rising in $st 
Aries, thon the ecliptic will coincide with tho horizon; now 
suppose the Moon to be in Ist Capricorn, then it will appear 
to be bisected by the meridian and the eastern half will be 
enlightencd. l j 

But according to Branmaaurra this would not occur, for he 
has declared that the xop will be equal to radius in this case 
whereas it is obviously “nil,”’ and it is the suvsa which is 
equal to radius when there is no north and south difference 
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(a 

between the Sun and Moon then tho kopr would be equal to 
the hypothenuse or radius and the snusa would be “ nil.” 

'IL* And the Moon’s horns are of equal altitude when thero 
is no BHUJA, whilst they become perpendicular when there „is 
no Kopi. That tho kopr and BHUJA shall at ond and the same 
timo Ve equal to radius is an obvious incompatibility. But 
what business have I with dwelling on the exposure of these 
errors? Braumacurta has here shown wisdom indted, and 
I offer him my reverent submission !] 

6. I have thus only briefly treatod of the principles of the 
subjects mentioned in the Chapters on Mapayaaati &e. fearing 
to lengthen my work; but tho talented astronomer should 
understand tho principles of all the subjects in completion, 
because this is the result to be obtained by a complete know- 


ledge of tho spheric. . 


End of Chapter X. called S'RINGONNATI-VASANÁ. 


pamanang 


CHAPTER XI. 
Called YantrapuyAya, on the use of astronomical instruments, 


1. As minute portions of time clapsed from sun-rise cannot 
be ascortained without instruments, U 
shall therefore brictly detail a few. 
inatruments which aro of established use for this purpose. 

2. The Armillary sphere, NApf-vaLaya (the cquinoctial), 
the yasuțı or staff, the gnomon, the eat or clepsydra, tho 
circle, the semi-circle, the quadrant, and the rna.aka: but of 
all instruments, it is “ INGENUITY” which is the best. 


Object of the Chapter. 


s 
© Butsxatdcudnya is here very severe on BeanMagueta who of all his pro- 
docessors is evidently his favorite, but truth scemed to require this condemn- 
ation. He at the same hore does justico to Auya-suatta and tho author of tho 
BÓRYA-SIDDHA'NTA, They both justly concur in saying there is no Kogi in this 
case.—L, a 


P 
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3 and +, (This instrument is to be made as before de- 
scribod, placing tho Buaoora starry * 
sphere, which consists of tho ecliptic, 
diurnal circles, the Moon’s path, and tho circles of declination 
&c. within the KHagona celostial sphere, which consist? of tho 
horizon, meridian, prime vortical, six o’clock line, and: other - 
circles which remain fixed in a given latitude). Bring tho 
placo of the Sun on the ecliptic to the eastern horizon: and 
mark tho point of the cquinoctial (in the puAGoLA) intersected 
by tho horizon, viz. cast point. Having mado the horizon as 
level as water, turn the uHAGoLA westward till the Sun throws 
its shadow on the centre of the Karth, Tho distance between 
the mark made on tho equinoctial and the now eastern poiut 
of the horizon will ropresont the time from sun-rise. 

5 oud 6. The maawa or horoscopo will then be found in 
that point of the ocliptic which is cut by the horizon. 

Take a wooden circle and divide its outer rim into 60 ana- 
qix{s: Then placo the twelve signs 
of ‘the ccliptic on both sides, but 
instead of making each sign of equal extent, they must bo 
mado cach with such variablo arcs as shall correspond with 
their periods of rising in tho placo of observation (the twelve 
periods aro to be thus marked on cithor side, which are to bo 
again cach subdivided into two Horas (or hours), threo pRESH- 
KANAS, into NAVANs’as or ninths of 3°. . 20’ cach, twelfths 
‘of 2°. . 10’ and into rrrns’ans’4s or thirticths. These aro 
' called tho sHADVARGA or six classes). These signs, howovar, 
must bo inscribed in tho inverse order of the signs, that is 
1st Aries, then Taurus to the west or right of Aries and so on. 
Then placo this circlo on tho polar axis of the KHaGoLA at tho 
centre of the Earth (the polar axis should be elevated to tho 
hoight of the polo). i 
. Now find tho Sun’s longitude in signs, degrees, &e. for the 
eun-rise of the given day (by calculation) aud find the same 
degreo in the circle. Mark thoro tho Sun’s place, turn tho 


Use of Armillary Sphere. 


* Tho Na’DI-vaLsYA. 
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circle round the axfs, so that the shadow of the axis will fall on 
the mark of the San’s place at sun-rise and then fix tho circle. 
Now as tho Sun rises, the shadow of the axis will advance from 
the mark made for the point of sun-rise to the nadir and will 
indicate tho hour fsom sun-rise, and also the raana (horos- 
cope) ; the number of hours will be seen between the point 
of sun-riso and the shadow: and the aana will be found on the 
shadow itself. [While the Sun gocs from east to west tho 


rene 


Sin Ea 


shadow trayels from west to cast and hence the signs with 
their periods of rising must bo reversed in order—the aro 
from W to Laana represents the hour arc: and the LAGNA is 
at the word Launa in the accompanying figure.—L. W.] 

7. Or, if this circle marked as above, be placed on any axis 
clevated to the altitude of tho pole, then the distance frum tho 
shadow of tho axis to the lowest part of the circle will repre- 
sent the time to or from midday. 

8. A amațı mado of copper like the lower half of a water- 
pot, should have a large hole bored, in 
ita bottom. See how often it is filled 
and falls to the bottom of the pail of water on which it 13 
placed. Divide 60 auatis of day and night by the quotient 

r2 


The anapi or clepsydra. 


a 
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and it will give the measure of the clepsydra. (If it is filled 

60 timos, then the aati will be of one aHaqika; if 24 times 
it will be of one hour or 24 GHAqTKAs.) i 

9. Fora gnomon take a cylindrical piece of ivory, and let 

it bo turned on a . lathe, taking caro 

that the circumference be equal abovo 

and below. From its shadow may be ascertained the points 
of the compass, the place of observer, including latitudo &c. 

and times (as has been elsewhore explained). 

10. The circle should be marked with 360° on its outer 
circumference, and should be sus- 
pended by a string or chain moveablo 
on the circumference. The horizon or Earth is supposed to 
be at tho distance of three signs or 90° from the point at which 
it is suspended: the point opposite to that poiut being tho 
zenith. : 

11, Through its centre put a thin axis: and placing tho 
circle in a vertical plano, so as to catch the shadow of tho Sun: 
‘the degrees passed over by the axis from tho place deno- 
minated the Earth, will bo altitude : 

12, And the arc to tho point denominated the zenith, will 
be that of the zenith distance. 

Some former astronomers have given the following rule for 
making a rough calculation of the time, viz. multiply the half 
length of day by the obtained altitude and divide the product 


aan: 


The CHAKRA or circle, 


.by the meridian altitude, the quotient will be tho time sought. 


13. First let the circle be so held or fixed that any tyo 

To find the longitudes of Of the following fixed stars appear to 
planets by the circle. touch the circumfprence, viz. Ma- 
GHAX (a Loonis, Regulus), Pusuya (8 Cancri), Revarf (¢ Piscium) 
and S’atatXrak{ (or A Aquarii). [These stars are on the 
ecliptic und having no latitude, are to be preferred.] Or, that 
any star (out of the Curtea or a Virginis Spica &c.) having 
very inconsiderable latitude, and:the planet whose longitude is 
required and which is at a considerable distance from the star, 
appear to touch the circumference, ; 
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14 and 15, Then look from tho bottom of tho circle along 
_ its plane, so that the planet appear opposite the axis ; and still 
helding it on the plano of the ecliptic, observe also any of tho 
above mentioned stars. The observed distance between tho 
planet and the star,,if added to the star’s longitude, when tho 
star is west, and subtracted when cast of the planet? will givo 
tho planct’s longitude. 

The half of a circle is called a cHara 
or semicircle, The half of a semi- 
circle is called rurfya or a quadrant. 

16, As othors have not ascertained happily tho apparont 
timo by observations of altitudes in 
a vertical circle, I havo therefore 
laboured myself in devising an instrument called PHaLAKA 
YANTRA, the uses of which I now proceed to explain perspi- 
cuously. It contains in itsclf the essence of alltour calculations 
which are founded on tho truo principles of the Doctrine of 
the Sphere. 

17. I Buáskara now proceed, to describe this excellent’ 
instrument, which is calculated to 
remove always the darkness of igno- 
ranco, which is morcover tho delight of clever astronomers 
and is founded on the shadow of its axis; it is also eminently 
serviceable in ascertaining the time, and in illustrating truths 
of astronomy, and therefore valued by the professors of that 
science. It is distinguished by having a circle in its centre. , 
l proceed to describe this instrumont after invoking that , 
bright God of day, the Sun, which is distinguished by the 
epithets I have above given to the instrument viz. ho is 
eternal and removes obscurity and cold: he makes the lotus 
to flower and is ever shining: ho casily points out the time 
of the day and season and year, and makes tho planets and 
stars to shine. He is worthy of worship from the virtuous and 
resides in the centre of his orba* 

© ‘This verse is another instance of the double entendre, in which even the 


Semi-circle and quadrant, 


PraLaKA-YANTRA, 


Addresses to the Sun. 
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18. Let a clover astronomer mako a Pn&LAKA or board of a 
plano rectangular and quadrilateral form, the height being 90 
digits, and the breadth 180 digits. Let him halve its breadth 
and at tho point thus found, attach a moveable chain by which 
to hold it: from» that point of suspension let him draw a per- 
pendicular which is called tho LAMBA-REKHÁ, ‘ 

19. Let him divide this perpendicular into 90 nl parts 
which will bo also digits, and through them draw lines parallel 
to tho top and bottom to the edges: theso are called sines. 

20. At that point of tho perpendicular intersected by the ° 
30th sino at the 80th digit, a small hole is to be bored, and 
in it 1s to bo placed a pin of any length which is to be con- 
sidered as tho axis. 

21. From this holo as centre draw a circle (with a radius 
of 30 digits: tho circlo will then cut the G0th sine), 60 digits 
forming tho diaincter. Now mark the circumference of this 
circlo with 60 auatis and 360 degrees, cach degree being 
subdivided into 10 ratas. ` 

,22. Lot a thin eapprxd or index arm with a hole at ono 
end bo mado of tho length of 60 digits and let it bo so marked. 
(‘The breadth of the ond whore tho hole is bored should he of 
ono digit whilst the breadth of the whole pappixd be of half 
digit. Lot tho rapprx£ bo so suspended by tho pin above 


mentioned, that ono side may coincide with ce 
tho LAMBA-RRKHÁ, Tho accompanying figure fe- 
_ will represent the form of the rapprxá. 


Tho rough ascensional difference in ratas determined by the 
KHANDPAKAS or parts, being divided by 19, will hero become the 
sino of the ascensional difference (adapted to this instru- 
ment.*) 


best authers occasionally indulge, All the epithets given to the instrument 
apply in tho original also to the Sun. This kind of double meaning of course 
does not admit of translation.—L. W. 


‘® The sines of asceusional difference for each sign of the ecliptic were found 
by the following proportions. 
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28, Tho numbers 4, 11, 17, 18, 18, multiplied severally 
by the AKSTIA-KARYA and divided by 12, will be’ the KHANpAKAS 
or portions at the given place ; each of these boing for cach 
15 degroes (of snusa of the Sun’s longitude) respectively. 

91, ‘Now find tic Sun’s truo longitude By applying tho 
precession of the’ equinoxes to tho Sun’s place, and adding 
together as many portions as correspond to tho snus of tho 
Nun’s longitude above found, divide by 60 and add tho quo- 
tient to AKSHA-KARNA. Now multiply tho result by 10 and 
divido by 4 (or multiply by 24). The quotiont is here called 
tho yasnpı in digits and the number of digits thus found is to 
be marked off on tho arm of the rappixá counting from its 
holo penctrated by the axis. 

25. Now hold tho instrument so that the rays of the Sun 
shall illuminate both of its sides (to secure its being in a 
vertical circle): tho place in the circumference ‘marked out by 
the shadow of the axis is assumed to be the Sun’s place. 

26. Now placo the.index arm on tho axis and putting it, 
over the Sun’s place, from tho poiñt at tho end of the vasiTi 
set off carefully above or below (parallel to tho LAMBA-REKIL) 
on the instrument, tho sine of the ascensional difference above 
found, setting it off above if the Sun bo in the northern 


1, If cosino of latitude : sine of “a : what will sino of declination of 1 


sign or 2 or 3 signes, give. 


a. 7 ; 
or as 12; PALABHA : KUJYA’ of 1, 2 or 3 signe, 


8, Ifcosine of declination ; this result : : what will radius : sine of ascen- 


sional difference in XALÁS. 
The aro of this will give ascensional differenco. This is the plain rule: but 
Dira’sxana’cma‘xya had recourse to another short rule by which the ascensional 
differences for 1, 2 and 3 signs, for thd place in whioh the PaLabita’ was 1 digit, 
were 10, 8, 3} Patas. These three multiplied by PALABUA’ would give the 
ascensional differences with tolerable accuracy for a place of any latitude not 
having a greator PaLaBHA’ than 8 digits. Now tuke these three PALÁTMAKAS 
10, 8, 3} and multiplied by six, then the Pazas of time will be reduced to 4808. 
These are found with a radius of 8498: to reduce thew to the value of a radius of 

30 digits say, ° 
60 x 30 


As 3498 : 10 % 6 = 60’ : : 30 digits ; = quantity of CHARA for 1 
o 


sign in this instrument, but instead of thultiplying the 10 by 6 X 30 or 180 and 
dividing by 3438, the author taking 180 = yy part of 3438, divided at once 


b by 19.—L. W. 
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t 
hemisphere, and below if it be in the southern hemisphero, 
The distance from the point where the sino which meeting the + 
end of tho sino of the ascensional difference thus set off, cuts 
the circlo, to the lowest part of the circle will represent tho 
auatis to or after midday.* j ° 


# Tn the accompanying diagram of the PHALAKA YANTRA, o is the centre of 
the circle a be and the lino o » passing through o is called MapHYagya’ or 
middle sine. Ifthe shadow of the pin touches the circumference in S whon the 
instrument is held in the vertical circle passing through the Sun, 8 6 will then 
be the zenith distance of the Sun, From this the time to or after midday can be 
found in the following manner, i 

Let a = altitudo of the Sun, 

d = declination, 
A = ascons'onal difforence, 
t= north latitude of the place, 
p = dogrees in time to or after midday, 
Then, we have the equation which is common in the astronomical works, « 
R’. sina = B. sind. sind 
cos p = 


3 
cos 2. cos d 
Rising  tan?l.tand 
E ane eee se $ 
cos 2, cos d B ° 
here, when tho latitude 18 north, the second term becomes minus or plus as the 
declination is north or south respectively. * 
tan 2. tan d 
But A = sin A or sine of ascensional difference, 


R’. sina 
A cos p = SENIA eae F ain, A, 
cos l. coa d 
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9 
97, Sct off the time from midday on the instrament 
' fo find the place of the counting from tho LAMBA-REKHÁ ; from 
shadow of axis from time. tho end of the sino of this time, sct 


off tho sine of ascensional, differenco in a line parallel to the 


Now, cos ? i R= JA : hi. ©, AKSHAKARYA (See Chapter VIT, v. 45.) 


cos 2 12 g 

h R.sina » 
*. cos p ZE —., F sin A 
12 cos d 
sin a h R’ 
=y. —— F sin A, when y = ——, » Which is called 
12 cosd $ 
YasutI and can be found as follows. 

h t R 12 R 


J= —. 


ja b 
13 cosd 13 12 cosd 


—— 2 , mamat 


R h 12 versed d 
— omean . wen 12 + ) 
12 12 cosd Z. 


e 

When the surtsa of the Sun's longitude is 15, 30, 45, 60, 75, 90, tho valuo of 
12 versed d 

cos d . 

these values aro 4, 11, 17, 18, 13, 5 which aro written in the text. Multiply ® 
these differences by 4 or the axeitaKaRyA, divide the products by 12 and the 
quotients thus found are called the KmANDAS for the given place, By assummg 
the snusa of the Sun’s longitude as an argument, find the result through the 
Klanpas and take r for this result, 


is 4,15, 32, 60, 63, GS sixti®ths respectively. The differences of 


r h r 
Then — = —( à+ — 
’ 60 12 60 /, 


RB r 
and hence, y = =— (: + —) 
12 60 7. 


But in this instrument R = 30 


10 r 
. yuo (: + —) which exactly coincide with the rule given in the : 
4 60 


text for determining the rasnqtl. : 
The value of the yasayı will certainly be more than 30, because the valno of 
the AKSHAKARNa or & is more than 13, 
Now, (see the diagram) suppose m is the end of the yasnpt in the paTriKA or 
index o m which touches the circle in S, then, in the trisugle o i » 
Riom=snmon: mn; 


or R: y=sine MR; 
y Xsing 
^ na H 
R a 


and hence, cos p = m » 4 sin A, 
Q 
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LAMBA-REKHA, but below and above according as it was to be 
sot off above or below in finding the time‘from the shadow, , 
(this operation being the reverse of the former). The sito 
met by the sine of ascensional difference, thus sct off, is the 
now sine across which tho PATTIKA or index is now to bo 
placed till the YAasnpI-cH1NHA or point of yasnqi falls .on it. 
This position will assuredly exhibit the placo of tho shadow 
of tho axis. 

28, 29 and 30. Having drawn a circle (as tho horizon) with 
The Yasurt or Staf, a radius equal to radius of a great 

' circle, mark cast and west points (and 
the lino joining these points is called the PRACTYAPARÁ or cast 
and west linc) and mark off (from them) the amplitude at tho 
cast and west. Draw a circle from tho same centro with a 
radius equal to cosine of declination i. e. with a radius of 
diurnal circle, ahd mark this circlo with 60 anatis. Now tako 
tho yasıpı, oqual to the radius (of the great circle) and hold it 
„with its point to the Sun, so that no shadow be reflected from 
it; the other point should rest in the centro. Now measuro 
the distanco from the end of tho amplitude to the point of the 
yasHtt when thus held opposite to the Sun. This distanco 
applied as a chord within tho interior circlo will cnt off, if it be 
before midday, an are of the number of anaqixds from sun- 

riso, and if after midday an are of the timo to sun-sct.* 


that is, the sine of the asconsional differgnce is subtracted from or added to m s 
tho distance between the ond of tho yasntr and the middlo sine, as the Sungbe 
in the north or the south to the cquinoctial, 

Again, by taking m r equal to sin A we have, 

cosp= mn Fein A = mn = mr, 
=nrortt’, 
= cos ¢ É, 
* pa=zct—B, D.] 

*" (It ia,plain from this, that the distance from the point of tho staff to the 
end of the amplitude is the chord of the aro of the diurnal circle sing through 
the Sun, intercepted between the horizon and the Sun. For this reason, the : 
ar) subtended by the distance in question in this interior circle described with 
a radius of the diurnal circle which is equal to the cosine of the declination, 
will denote the time after sun-rise or to sun-set.—B. D., 
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8 

31. Tho perpendicular let fall from tho point of tho vasu 

To find the EET . is tho s'anku or sine of altitude: tho 
tife asur. place between the s'anku and centro is 
equivalent to DRIayA or sine of zenith distance. Tho sino of 
amplitude is the lind between the point of hbrizon at which 
the Sun rises or sets, on which the point of the vasupı will 
rest at sun-riso and sumset, and the cast and west lino tho 
PRACITYAPARA, ° 

32 and 33. Tho distanco between the s'anku and tho 
CDAYASTA-SÚTRA, multipliod by 12 and divided by tho s’ANKu, 
will be the PALABIA. 

Take two altitudes of tho Sun with the yasuti: obsorve 
the s’ankus of tho two times and the puvsas. 

Add the two suvsas, if ono be north and the other south, 
or subtract if they bo both of the same denomination : multi- 
ply tho above quantity (whether sum or differenee) by 12 and 
divide by the difference of the twy s’axkus, tho result will bo 
tho panasHd.* Tho difference between the cast and west lino, 
and tho root of s’anKu is called pugs, 


, © [Lot O be tho cast or west point of the horizon O a, Z the zenith, a s S the 


& 
diurnal circle on which § and s are the Sun's two places at different times mnl 
m and s » the e’anxcs or the sinos of altitudes of the Sun, then O m, n s willbe 
the BuUJaa, » m or s p the difference between the suvsas aud 5 p the difference 
between the s’aNKUs. 


» Q2 


220 Translution of the (XI. 34. 
e, 
If the s'anku be observed threo different times by the 
To find PALABHA’, decline YASHTI, then tho time, declination &. 
aon; aaa; aibe YASS may be found (by simply observing 
of throe 8’aNKUS. the Sun). 


34, First of All find threo s'ankus: dráw a line frôm tho 
top of the first to tho top of the last ; from-thé top of the second 
8’ANKU, flraw a line to the eastorn pointand a line to the western 
point of the horizon, so as to touch the first lino drawn. 


35, A line drawn so as to connect these two points in tho | 


horizontal circumference will be tho upayAsta s¢rTra. Tho 
distance betweon it and tho centro will give the sine of ampli- 
tudo. The line drawn through the centro parallel to the cvy- 
ASTA-KÚTRA at tho distanco of tho sine of amplitude is the cast 
and west line,* 

36. Find the rAaragnÁ as before (and also the agsia- 
KARNA). Now ‘the sine of amplitude multiplied by 12 and 
divided by AKSHA-KABNA will be the sino of declination. This 

„again multiplied by the radius and divided by the sino of 24° 
or tho sino of the Sun’s greatest declination, will give the sino 
of tho snusa of the Sun’s longitude. 

37 and 38. Which converted into degrecs is Sun’s longi- 
tude, if tho observation shall have been made in tho 1st 
quartor of tho year. If in the second quarter, the longitude 
will be found by subtracting the degrees found from 6 signs ; if 

Now as tho triangles e a » and S a m are the latitudinal triangles, the 

* tiiingle S e p is also tho latitudinal 
^ Sp: sp=12 : Parasia’ © 


12 sp i s 
ets PaLABUA’ == 


? 
It ia when S, s two places of tho Sun are both north or both south to the 
prime vertical, but when one place is north aud other is south, the sum of the 
BNUJAS is taken.— B. D, 


* [As it is plain that the tops of the three s’axxus are in the plane of the ° 


diurnal circle, the line therefore drawn from tho top of the first s’anxu to that 

of tho last, will also be jn the samo plano and hence the two lines touching this 

line, drawn from the top of the middle s’anxu one to eastern and the other to 

western point of the horizon, lie in this plane. Therefore, the line joining these 

two points of the horizon is the intersecting line of the plane of the diurnal 

a m that of the horizon, and consequently it is the VDAYA’STA BÚTRA,— 
9 ° 


t 
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in the 3rd quarter, 6 signs must be added: if in the fourth 
quarter of the year, then tho degrees found must be subtracted 
from 12 signs for the longitude. i 

Tho quarters of the ycar will be known from tho seasons, 
the peduliarities ofeach of which I shall sabsequently do- 
scribe, "g ' . 

It is declared (by some former astronomers) that the shadow 
of the gnomon revolves on tho circle passing through the 
ends of the threo shadows made by the same gnomon (placed 
in the centro of the horizon), but this is wrong, and conse- 
quently the east and west aud north and south lines, tho 
latitudes &c. found by the aid of the circle just mentioned aro 
also wrong.* 

39. Whether the place of the Sun be found from tho 
shadow or from the sino of the amplitude, it will be found 
corrected for procession. If the umount of precession bo 
subtracted, the Sun’s truo place will bo found. If the true 
placo of the Sun be subtracted, tho amount of precession will : 
be asecrtainod, ' 

40. But what docs a man of genius want with instruments 
ee about which numerous works have 

Tho praise of instrument 
called puívantaa or genius treated? Let him only tako a staft in 
eee his hand, and look at any object along 
it, casting his eyo from its cnd to the top, there is nothing 
of which ho will not then tell its altitude, dimensions, &e. 
if it be visible, whether in the heavens, on the ground or 
in the water on the earth. 7 

Now I procced to explain it. 

41. He who can know merely with tho staff in his hand, 
the height and distance of a hamboo, of which he has observed 
the root and top, knows the use of that instrument of instru- 


ments—genius—(the pnfyantra) and tell me what is thére that 


® The existence of such gross error in the principles of a calculation as atb 
here referred to as existing in the works of Baa’sxaRa’s predecessors would 
seem to indicate that the science of astronomy was not of more recent cultiva- 
tion than Mr. Bentley and othors hare maintained,—L. W, 
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8 
he cannot find out. [Here the ground is supposed to be 
perfoctly lovel.J 
42. Direct tho staff lengthways to tho north polar star; 
peers let drop-linas fall from both ends of 
i staff, whon thus directed to the star. 
a right angled triangle, when the difference between tho lines 
thus dropped is the Koy or perpendicular. 

43. The kopr multiplied by 12 and divided by the suvsa 
gives tho PALABHA.* 

Having in tho same way observed the root of tho bamboo ; 
[and in so doing found the snusa and Kopi], multiply the suvsa 
by the height of the man’s eye. 

44 and 45, And divide the product by the Kori, the result 

To find the distance and 18, you know tho distanco to tho root 
height of a bamboo.” of the bamboo: 

Having thus obsorved tho top of the bamboo (with the 

„staff, and ascertained the snusa and kopi), multiply tho dis- 
tanco to tho root of tho batnbvo by tho Kopi, and divide the 
product by the suusa, tho result is tho height of the bamboo 
above tho observer’s oye: this height added with tho eyo’s 
height will give the height of the wholo bamboo.t 

For instance, suppose the staff 115 digits long, tho height 

of obsorver’s eyo 68 digits; that in 


Example. : i 
amplo making tho lower obsorvation the 


“BHUA = 1/4 digits = 6 cubits, and Kop! = 17 digits ; that in 
' making the observation of the top of the bamboo, tho situsAe= 


*i,o. If thie gosa : gives the Kort 
: : 12 digits of guowon: gives the PALABHA’, 


e 


LY 


_ Now tho spaco between the two drops is the Buusa or base of 


t The observer first direots a ò his staff to d, the root of the tree: The staff 
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116 digits and koft = 87 digits. Then tell me the height of 


bamboo and the d?stanco of it. As, ' 
> 68 x 144 
T = 576 di gits or 24 cubits distance to bamboo ; 
576% 87 i 
and =——— = 433 height of treo above observer’s cyo, 
116 


68 add tho eye’s height, 


500 height of treo. 

Let a man, standing up, first of all observe the top of an 
object: then (with a staff, whether it be equal to the formor 
or not in length), let him observo again the top of the samo 
object whilst sitting. 

AG. Then divide the two Kopis by their respective BRUJAS : 
tako the difference of thesd quotients, and by it divide tho 
difference of tho heights‘of observer’s eyo—this will give the 
distaneo to tho bamboo: froin this distance the height of the 
bamboo may be found as before.* 


d 
A t e 


is furnished at cither end with drop lines a4, h k : b k—a h = b c č sin of 
d bac., Then say 
EEE ole te A r fw 
o then observes ths top of ubject aud finds g f, which is easy, as 
been found. —L. W. i a ý 
® Buísx ag4 fou: ds this rule on the following algebraic process. 
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47. There is a high famous bamboo, *the lower part of 
which being concealed by houses &c, « 
was invisible: the ground, however, 
was porfoctly level : If you, my fricnd, remainjng on this samo 
spol by obsorving the top (first standing and then sittittg), will 
tell me the distance and its height, I ackndwledge you shall 
havo the title of being tho most skilful of observers and 
oxpert in the use of tho best of instruments DHfYANTRA, 

The observer, first standing, observes the top of tho bamboo 
and finds the suusa, withthe first staff, 
to be 4 cubits or 96 digits : ho then sits 
down and finds with another staff the snusa to be 90 digits. 
In both cases tho Koti was one digit. Tell me, O you expert 
in observation, the distance of observer from the bamboo and 
tho bamboo’s height. 

48. Soalso‘tho altitude may bo observed in the surface 
of smooth water : but in this case the 
height of observer’s eyo is to be sub- 
" tractod to find the truo height of tho object:—Or tho staff 
may bo altogether dispensed with: In which last case two 
heights of tho observer's eye (viz. when he stands and sits) will 
be two KoTIs: and the two distances from the observer to tho 


Question. 


Example. 


Observation in wator. 


Let z = base, distance to bamboo. Then say 


2 z 
if 96: 1::x: =: then —— 4 72 = height of bamboo. 
96 96 


z z 
By second observation 90 : 1 : : 2: =— , then o +- 24 = height of ham- 
90 
boo. 


'z r z Or 
Then 12} —— = 24 + wef ee oe me = 48, oF ——— = 18 
96 9 90 96 8640 
*, x == 69,120 digits ° 
= 2380 cubits, 
‘ge z . 
That is —= — == = 73 — 24 
90 = 
e 73 cues 
ors f sat is difference of observer’ s height—difference of two KOTIS 


to—vs divided by their respective suusa's.—L. W, 
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places in the water where the top of the objoct 7 reflected, 
+ tho BHUJAS. ' , 
°49. Having scen only the top of a bamboo reflected in 
water, whether tho bamboo be near or 
+ ata distance, visible or invisiblo, if you, 
remaining on this same spot, will tell mo tho distance and 
height of bamboo, I will hold you, though appearing on Barth 
as a plain mortal, to have attributes of superhuman knowledge. 
An observer standing up first observes (with his statf) tho 
reflected top of a bamboo in water. 
The kopi =3 digits and snusa = h 
digits, Then sitting down he makes a second observation and 
finds the nivsa = 11 digits and kopt = 8 digits. His cye’s 
height standing = 3 cubits or 72 digits, and sitting = 1 cubit 
or 24 digits. Tell me height of bamboo and its distance.* 


Questign. 


Example. 


® Let d f == fe = height of bamboo = A h 

then b a or y = height of bamboo andeman’s height together. 
Let b ¢ = breadth of water = x 

then by first observation 


e R, 
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: © 
A man standing up sces the shadow of a bamboo in tho 


i watcr—the point of the water at which 

the shadow appears is 96 digits off: 

then sitting down on tho samo spot ho again observes the 

shadow and finds the distance in the watertat which it @ppears 

to be 33 digits: tell mo the height of the'bamboo and his 
distance from the bamboo.* . 


Example. 


4y 
4:3::e:yor3e2=4y orr = — 


by 2nd observation 11 : 8 : : z : y — 48 digits 


11 y — 528 
or 8 x = 11] y — 528 or t = —— 
8 
4y 11 y — 528 
thus.z == —— and z = — 
3 8 
4y 1] y — 628 33 y — 1584 , 
oS oe Or ty = — 
3 8 8. 


or 32 y = 33 y — 1584, or y = 1584 
e", 1584 — 72 = 1512 digits = 63 cubits = height of bamboo, 
2ud part, To tind width of water'or z 


4y 1581X 4 
tS = — = 212 digits = 88 cubits.—L. W. 
8 3 
* Let ce = 96 digits 
e d = 33 
ac= 72 
b o = 24 
let x= distance from observer to 
bamboo. 
Nowce:ac=jh:ja 
72x 3z 
or 98: =r : y= — = — 
96 4 


3a 
hee ae — 3 = height of bamboo 
Agsined:be::jh: jb 


242 
or 83: 24::2:y— 48 = — 
f 33 + 
82 
i ll 
82 


then SEN — 1 = height of bamboo 


XI. 58. Sildhdaut t-siromaat. 937 


50 and 51. Mako a wheel of light wood and in ita circum- 

EERE matra, ferenco put hollow spokes all having 
ment or SWaYaxvaHA YaN- borcs of tho same diamater, and let 
n ; them be placed at equal distances 
from càch other; and letthem also be all pfaccd at an angle 
somewhat verging from the perpendicular: then half fill these 
hollow spokes with mereury : the wheel thus filled will, when 
placed on an axis supported by two posts, revolve of itself. 

Or scoop out a canal in the tiro of tho wheel and then 
plastering leaves of the TALA tree over this canal with wax, 
fill one half of this canal with water and other half with mor- 
cury, till the water begins to como out, and then cork up tho 
orifice left open for filling the wheel. ‘Tho wheel will then 
revolve of itself, drawn round by the water. 

Mako up a tube of copper or other metal, and bend it into 
‘the form of an ANKUS'A or clophant 


H ti f 5 h ° 
Description of a syphon hook, fill it with water and stop up 


both ends. . 

54, And then putting one end into a reservoir of water, 
let the other cnd remain suspended outside. Now uucork 
both ends. The water of the reservoir will be wholly sucked 
up and full outside. 

54. Naw attach to the rim of tho before described self- 
revolving wheel a number of water-pots, and place the wheel 
and these pots like the water-whecl so that the water from 


the lower end of the tubo flowing into thom on ono side shall’ 


set the wheel in motion, impelled by tho additional weight of 
the pots thus filled. The water discharged from the pots as 
they reach the bottom of the revolving wheel, should be drawn 


8x E 8z 8z F 
— lz — 3 orz Á -—=— 
11 4 4 11 44 
. rads XK 2=— 88 
3x 3% 88 

Then y = T = va =3x2 = 66, height of bamboo, 


R 2 
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‘ 
off into the reservoir beforo alluded to by means of a water- 
course of pipe. 

56. The self-revolving machine (mentioned by Latta &c.) 
which has a tube with its lower end apen is a vulgar machine 
on account of its being dependant, becausd’ thate which’ mani- 
fests an ingenious and not a rustic contrivance is said to be a 
machine. í 

57. And morcover many self-rovolving machinos are to bo 
met with, but their motion is procured by a trick. They are 
not connected with the subject under discussion. I have been 
induced to mention the construction of theso, merely because 
they havo been mentioned by former astronomers. 


End of Chapter X1. called Yanrrdpuydya. 


TREED ERE 


' CHAPTER XII. 
Description of the seasona. 


1. (This is tho season in which) the Koxttas (Indian black 
birds) amidst young climbing plants, 
thickly covered with gently sweying 
and brilliantly verdant sprouts of the mango (branches) rais- 
ing their sweet but shrill voices say, “Oh travellers! how 
‘are you heart-whole (without your swecthearts, whilst all 
nature appears revelling) in the jubilce of spring CHAITRA, ond 
the black bees wander intoxicated by tho delicious fragrance 
of tho blooming flowers of the sweet jasmine !” 

2. The spring-born matirK< (Jasminum Zambac, swollen 
by the pride she feels in her own full blown beautiful fowers) 
derides (with disdain her poor) unadorned (sister) MALAT] 
(Jasminum grandiflorum) which appears all black soiled and 
without leaf or flower (at this season), and appears to beckon 
hor forlorn sister to leave the grove and garden with her 


Spring. 
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tender budding arms, agitated by the sweet breen0s from tho 
+ fragrant groves of the hill of Matava. : 

°3, In the summer (which follows), the lovers ‚of pleasure 

The oaisHMa or mid-sum- apd their swecthearts quitting their 
mer sens, e stone built houses, betake themselves 

' to the-solitude of Well wetted cottages of the Kus’aKXs’a grass, 
salute each other with showers of rose-water and mnuso thom- 
sclves. 

4. Now fatigued by their dalliance with the fair, they 
proceed to tho grove, where Kama-prva has erected the 
(flowering) mango as his standard, to rest (thomsclves) from 
tho glare of the fierce heat, and to disport themselves in tho 
(well shaded) waters of its nowrrs (or large wells with steps). 

5. (The rainy season has arrived, when the deserted fair 

ono thus calls ‘upon her absent lover :) 
‘Why, my cracl dear one, why do you 
not shed the light of your beamipg oyo upon your love-sick 
admirer? The fragranco of the blooming mdtat{ and tho | 
turbid state of every passing torrent proclaims the | season of 
the rains and of all-powerful love to have arrived. W hy, 
therefore, do you not have compassion on my miserable lot ?* 

6. (Alas, cries the deserted wife, alas!) the peacocks 
(delighted wy the thundering clouds) scream aloud, and tho 
breeze laden with the honied fragrance of the KADAMBA comes 
softly, still my sweet one comes not. Has he lost all delight 
for the swect scented grove, has he lost his ears, has he no 
pit ;—has ho no heart ? 

7. Such are the plaintive accusations of tho wife in the 
season of the rains, when the jet black clouds overspread tho 
sky :—angered by the prolonged absence of him who reigns 
over her heart, sho charges him, but still smilingly and 
sweetly, with being cruelly heedless of her devoted love. - 


Rainy season. 


* This ie one of those verses in which a doublo or triplo meaning is attempted 
to oe apparte to effect this, several letters however aro to be read differeutly. 


/ 
‘ 
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8. Tho mountain burning with remorse at tho guilt of 

Tho etratk ita ‘or season Waving received the forbidden cm. » 
of carly autumn. braces of his own pusuravatt danghter, 
forest appears in early autumn through its bubbling springs 
and streams sparkling at night with the vays af the Moon, to 
bo shedding a flood of mournful tears of penitence. — + 

9. In the uEMANTA season, cultivators seeing the earth 
| smiling with the wide spread harvest, 
and the grassy fields all bedecked with . 
the pearl-like dew, and tecming with joyous herds of plump 
kine, rejoice (at tho grateful sight), 

10, When tho s/ts’ina season sets in what unspenkablo 

S'ta'tza or closo of win- beauty and what sweet and endless 
por: varicty of rod and purple docs not 
the f kacunáw grove unceasingly present, when its leaf is in 
full blvom, and‘its bright glories are all expanded. 

11. Tho rays of tho Sun fall midday on the earth, heneo 


in this s‘Is'kA season, they avail not utterly to drive away tho 
cold: í , 
* * * * 


Tizmanta orcarly winter, 


12. Here, under tho pretenco of writing a descriptive 
account of the six seasons, I have 
taken the opportunity of indulging 
my vein for poetry, ondeavouring to write something calculated 
to pleaso the fancy of men of literary taste. 

13. Wher is the man, whose heart is not captivated by 
. tho ever sweet notes of accomplished poets, whilst they dis- 
course on overy subject with refinement and tasto? or whose 
heart is not enchanted by tho blooming budding beautics of 
the handsome willing fair one, whilst she prattles sweetly on | 
every passing topic :—or whose substance will she not secure 
by hor deceptive discourse ? 

14, What man has not lost his heart by listening to the 
pure, correct, nightingale-like notes of the genuine poets? or 
who, whilst ho listens to the soft notes of the watcr-swans on 


Sweets of poetry. 


XIII. 2.] Siddhanta-siromani, 931 
S 

the shores of large and overflowing lakes well filled with lotus 
flowers, is not thereby excited ? i 

*15. As holy pilgrims delight themselves, in tho midst of 
the streams of the sacred Ganges, in applying the mud and tho 
sparklitg sands of its bunks, and thus experi¢nce moro than 
heaven’s joys: so'trno poets lost in tho flow of a fine poetic 
frenzy, sport themselves in well rounded periods abounding in 
displays of a playful taste. ' 


End of Chapter XIT, 


CHAPTER XTI. 


Containing nseful questions ealled 'RASNÁDNYÁYA. 
i ® 


1. Inasmuch as a mathematician generally fails to acquires 
Object of the Chapter and - distinction in an assemblage of leaned 
ita praise, men, wnless well practised in answer- 
ing questions, I shall therefore propose a few for the enter 
tainment of men of ingenuity, who delight in solving all 
descriptions of problems. At tho bare proposition of the 
quostions, he, who fancies in his idlo conceit, that he has 
attained the pinnacle of perfection, is often utterly discon- 
certed and appalled, and finds his smiling cheeks deserted of 
their colour. i 
2. These questions have been already put and have been 
duly answered and explained either by arithmetical or algebraic 
processes, by the pulverizer and the affected square, i. e. 
methods for the solutions of indeterminate problems, of the 
first and of the second degree, or by means of tho armillary 
sphere,’or other astronomical instruments. To impress and 
make them still more familiar and easy I shall have to repeat a 
few. 
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t 
3. Al arithmetic is nothing but the rulo of proportion ; 
Praiso of ingenious per- ond Algebra is but'another namo for « 
sons. i ingenuity of invention. To the clever 
and ingenious then what is not known! I, however, mae for 
men and youths" of slow comprehension. ° , 


4. With the exception of tho involution ‘and ‘evolution of ' 
the square and cubo roots, all branches of calculation may be 
wholly resolved into the rule of proportion. It indeed assumes 
many shapes, but it is universally provalent, All this arith- e 
metical calculation denominated Pipf{ aaytta, which has been 
composed in many ways by tho wisest of former mathoma- 
ticians, is only for the enlightenment of simple men like 
myself. 

5. Algebra does not consist in tho letters (assumed to 
represent the unknown quantities): neither aro the different 
processes any part of its essential proper ties. But Algebra is 
wholly and simply a talent and facility of invention, because 
‘tho faculties of inventive genius are infinite. 


6. Why, O astronomer, in finding tho AHARGAyA, do you 

add savura months to the lunar months 

CHATTRA &c. (which may have elapsed 

from tho commencement of the current year): and tell mo 

also why tho (fractional) remainders of aburmasas and AVAMAS 

are rejected: for you know that to give a true result in using 

_ the rule of proportion, the romainders should be taken into 
, account, 


Question let. 


@ 
7. Ifyou have a porfect acquaintanco with the mis'ra or 


allegation calculations, then answer 

this question. Let the place of the 
Moon bo multiplied by onc, that of the Sun by 12 and that of” 
Mars bf 6, lot tho sum of these three products be subtracted 
from three times the Jupiter's place, then I ask what are the 
revolutions of the planct whdse place when added to or 

"subtracted from the remainder will give the place of Saturn ? 


Question 2nd. 
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t 

, 8and9. In order to work this proposition in tho first 
place proceed with the whole numbers 
of revolutions of the several plancts 
in the KALPA, adding, subtracting and multiplyjng them in tho 
manner*mentiqned iñ the question: then subtract the result 
from the revolutions of the planet given: or subtract the 
revolutions of the given-planct from the result, according as the 
place of the unknown planet happen to be directed to be added 
or subtracted in the question. This remainder will roprosont 
the number of revolutions of the unknown planet in the KALPA. 
If the remainder is larger than the number from which it is 
to be subtracted, then add the number of terrestrial days in a 
KALPA, or if the remainder exceed the number of terrestrial 
days in the Kapa, then reduce it into the remainder by dividing 
it by the number of days in the KALPa.* 


è Bua‘skara cra’ pya himself has gren the following example in his come 
mentary VA’SANA-BHA'BHYA 


Suppose Moon to have 4 revolutions in a xanr.\ of GO days 


ULE. 


Bun, . @eeeo ae 3 (EEEE ETE 08 6" of s% ee ee ceee sene cea 
Mars, oo @nReoe D ns'a eoon @ese oe 00 oe 48 80 Oe 08 oe 
Jupiter, euce Tacs TETELE 08 0s 60 08 O86 ae 0008 00 Be 
Saturn, CEE I] D E asa eons e@en anes se 


Then 4K 1 +4 3 X 12 + 5% = 70 and 7 x $= 21, 
As 70 cannot bo subtracted from 31 add 60 to it == 81, 
Subtract 70, 
i e Spon ED 


remainder 11: 
let p = revolutions of the unknown planet, then by the question 11 — p = 9 


or11—9=—2=)p, 
but’ll 4+ p = 9 or p = 9 — 11 = 60 + 9 — 11 = 58: 
It thus appears that the unknown planet has 2 or 58 revolutions in the 
KAL"\, 
Now let us see if this holds true on the 23rd day of this Punic 
revolutions signs 
for Moon, if60: 4 :: 28: 6 .. 12°this 1=6.. 12¢, 
Sun, 60:3 :: 23: 1 .. 24 this X 12==9.. 18, 
Mara, 60: 6 3 8 23: 11 ee O this y% 6 =6. 0 


signs 10... O subtyacted' 


Saturn, 60 $ 9 : 23: 6 se 12 
Jupiter, 60:7 :: 23: 8 .. G thisX 3= 0.. 18 from 
orp, 60:2 :: 23: 9 .. 6 this sub, from 2.. 18 remainder 


corresponding with Saturn, & .. 13 
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10. The algebraical learned, who knowing the sum of the 
additive months, ‘subtractive days 

clapsed and their remainders, shall 
tell the number of days clapsed from the commoncement of 
tho Karra, descr'ves to triumph over the student, who i8 puffed 
up with a conceit of his knowledge of thé exact pulvorizer 
called sam’stisitA united, as the lion ériumphs ovor the poor 
trembling deer he tears to piccos in play. 

1}. For the solution of this question, you must multiply, 
the given number of additive months, 
subtractive days and their remainders, 
by 863374491684 and divide by one less than the number of 
lunar days in a Kalra i. e. by 1602998999999, tho remainder 
will be the number of lunar days elapsed from tho beginning 
of the xarea. From those lunar days the terrestrial days may 
be readily found.* 


Question 3rd. 


Rune. 


f] o 
orif, 60:58 :: 23:2:24 Then? . 2# addid 
‘ to2 . 18 


eh 


still gives Saturn’s place 6 .. 12 


Whon p = 9 — 11, thon as 11 cannot be subtracted from 9 the sum of 60 
is addod to the 9, The rcason for adding 60 is that this number ia always be 
denominator of the fractional remainder in finding the place of the planets ; 
for the proposition. 

If days of KALPA : revolutions :: givon days give : here the daya a° KALPA 
are assumod to by 60 hence 60 is added... W. 


* [When the additive months and subtractive days and thoir remainders are 
given to find the AHARGAYŅA, 
Let 2 = 1602999000000 the number of lunar days in a KALPA, : 
e = 159300000 the number of additive months in a KALPA. 
d = 25082550000 the numbor of subtractive days in a KALPA. e 
A = additive months elapsed, 
A’ = their remainder, 
B = subtractive days clapsed. 
B’ = their remainder, 
a = tho given sum of the clopsed additive months, subtractive daya and 
their remainders. e 


and x = lunar days elapsed ; , 


l 


AEE Rear 


A 
then say Asie: : r: A mm; 
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_ 12. Given tho gum of the elapsed additive months, sul- 
: tractive days and their romaindcrs, 

equal (according to BRANMAGUPTA’S 
system) to 648426000171 ; to find the anarcaya. To who 
shall afiswer my question shall be dubbed B“ BRARMA-SID- 
DHÁNTA-VIT”.i. e, shall be held to havo a thorough knowledge 
of the BRAHMA-SIDDHANTA.* 


Example. 


A’ + B’ A’ + 3B’ 
o Asliepd::2:A4 B+ l ory + T 


"~ (e+ d r=lyt A 4 P, e a a A B’, 


a ani y=A +B; 
. by addition, * e+axe—(l—)Ny=A +B 4 AAD, 
=a; 
hy substitution, 26675850000 z — 1602908999999 y = a : 
now let, 26675850000 x’ — 1602998999999 y’ = 1, 
then wo shall have by the process of indeterminate problems 
a’ = 863374491684. 
Again, let m == e + d and s = l — 1, 
thn -© mæ—ny =a; (1) 
and m — any =l; 
: am — ahy =a, 
and mnt— mnt =0: 


"e m (az — nt) —n (ay mmi =n: 
which is similar to (1) ; 
© ear —nt 
= 863374191684 a — (1 — 1) ¢. 
Hence the rule in the text.—B,. D.] 
* Solution. Tho givon sum == 648426000171 and t he lunar days in a KALPA 
= 1602999600000 : 
648426000171 X 863374191684 
. ——— = 340241932336 
1602998999909 and 10300 remainder : 


.. 10800 theeo aro lunar days elapsed. 
To reduce them to their cquivalent in terrestrial days says 


ae 


° 


161 subtractive ` 


Iflonar daysin } , Number of PrI . Lunar daya a- {| | days and romsin- . 
8 KALFA - * tractive days $`’ bove found * der amounting 
267426000000. 


*, From 10300 Lunar days 
subtract 161 Subtractive days 


remainder 10139 Terrestrial days or AHARGANA. 
Now to find additive months elapsed. . 
lf lunar days] , additive months }: _lunar days ] , 10 additive manths and 
in a KALPA j of KALPA ** 10300 * remn, 381000000000. 
10 additive months = 300 lunar days. 
„^. 10800 — 300 = 100,00 sauga days elapsed, . 
Hence 27 gan 9 months and 10 days clapsed from tho commencement of 
KALPA. — Å r. , 


g2 
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18 and 14, Given the sum of the remaifiders of the revo. 
lutions, of the signs, degrees, minutes . 
and seconds of the Moon, Sun, Mats, 
Jupiter, the s‘foxrocucuas of Mercury and Venus and of 
Saturn according to the pzfverppumpa, including the remainder 
of subtractive days in finding the anarcaya,'abraded (reduced . 
into remainder by division) by the number of terrestrial days 
(in a yvca). He who, well-skilled in the management of 
SPHUTA KUTTAKA (exact pulverizcr), shall tell me tho places of 
the planets and the awarcaya from the abraded sum just 
mentioned, shall be held to be like the lion which longs to 
make its seat on the heads of those elephant astronomers, who 
are filled with pride by their own superior skill in breaking 
down and unravolling the thick mazes and wildernesses which 
occur in mathematical calculations. 

15, Ifthe given sum abraded by the number of terrestrial 
days in ẹ Yuga, on being divided by 4, 
leaves a remainder, then the question 

is not to be solved, It is then called a KHILA or an “ impos- 

siblo” question. If, on dividing by 4, no remainder romain, 
then multiply the quotient by 293627203, and divide the 
product by 394479375. The number remaining will give the 

AMARGANA. If the day, of the week does not correspond with 

that of the question, then add this ‘Anarcaya to the divisor 

(394479375) until the desired day of the week be found.* 


Question 4th. 


Roze, 


© [According to the DRÍYATDDEHIDA TANTRA of TALLA the terrestrial days in 

‘za UGA == 1677917500 and the sum of all the 86 remainders for one dey = 

118407188600968 : this abraded by the terrestrial days in a yUGa == 269400968, 
Let v = anancaya then say 


As 1 : 259400068 : : œ : 259400968 x z 

This abraded by 1677917500 the terrestrial days in a yuGa will be equal to 
1491297600 the given abraded sum of the 36 remainders, now 

let y = the quotient got in abrading 259400968 z by 1577917600, then ° 

: 259400068 2 — 1577917600 y = 1491227500. 

Tt is evident from this that as the coefficients of z and y are divisible by 4, the 
given remsinder 1401227500 also must be divisible by 4, otherwise the question 
ir im rest u erg a ne TEN ‘ 

once, dividing the both sides of the r uestion 
i 64860242 2 — 394479875 y = 378800875 ary eee (A) 
‘ aad let 64860243 2’ — 394479975 = Loewe eeenentenesnares (B) 
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_ 16. Tell me, mY friend, what is the AHARGANA when on a 
: Thursday, Monday or Tuesday, the 
35 remainders of the revolutions, 
signs, degrees, minutes and seconds of tho places of tho 
planets} (the Sun, the Moon, Mars, Jupiter nd Saturn and 
tho s'fonrocHcHab of Mercury and Venus) together with tho 
remainder of the subtractive days according to tho pufveip- 
DIDA, give, when abraded by the number of torrestrial days 
in a YUGA, a remainder of 1491227500.* 


17. The place of the Moon is of pioli an amount, 
Question 5th. that 


The =— - + 10 = tho seconds 


the minutes — seconds + 3 = degrees 


tho degrees sc is 
a = signs. 5 


Example. 


+, g? = 293627208 by the processes of indeterminate problems, 
Now let a == 64860242, b = 394479875? and o = 372806876 ; 
.*, we have the equations (A) and (B) i in the forms 
a z — b s= =t; 
and az — ; =1, he procedi 
KA n A é (sco the ing noto 
= 293627203 o — 394479375 he 
as stated in the texst.—B. D.] 
® Solutian. The given sum of the 36 remainders in a xvada = 1491227600 
according (@ the aaa er TANTRA. 
1227500 -= 4 = 372806875 : 
872808875 x 303627203 
m -m == 2774956471 and remainder 10000 i. o. 
394479376 


and ^ 


AHARGANA, 


—= 1428 — 4 remainder, i. e. 10000== attangaya on a Tucaday, for — 


q 
the rvda commenced on Friday. ' 
This would be the azanGaya on a Tuesday. 
To find the AHARGANA on Monday, it would be necessary to add the reduced 
pea days in a yoga to this 10000, till the remainder when divided by 


rt 000 -p 394479375 X2 788968760 
woe Fat wee 112900821 — 3 remainder = 
7 7 E : 
Monda 


10000 + 391479375 X 3 1183448125 y 
-<m Sle uE gs == 160064017 — 6 remainder or = 


eel 


and 


Thursday.—L. W. 
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And the signs, dogroes, minutes and “seconds together 
equal to 130. ©n tho supposition that the sum of theso four 
quantities is of this amount on a Monday then tell me, if you 
are export i in rulos of Arithmetic and Algebra, when it will bo 
of tho samo amoxnt on a Friday.* i į ° 

18. - Reduce tho signs, degroes and minutes, to seçonds, 
adding tho seconds, then reducing tho 
terrestrial days and the planct’s re- 
volutions’ in & KALPA to their lowest terms, multiply the seconds 
of the planct (such as tho Moon) by the terrestrial days 
(reduced) and divide by the number of seconds in 12 signs: 
then omitting tho romaindcr, tako tho quotient and add 1 to it, 
tho sum will bo tho remainder of tho bitacayas revolutions.+ 


ice 


® Let z = minutes 


z + 20 
then === == seconds 
2 


2 + 20 
T 


+3 ' 


+20 2 + 20 2 


z 
e ee 


.. # = 68 minutes, 
58 + 22 
wanes = $9 seconds. 
58 — 39 -fe 3 = 22 degrees. 
23 
— == 11 signs. 
2 


Henco the Moon's placo = 11s. .. 220 .. 58’ .. 39”, 


¢ The mean place of tho Moon = 11a. .. 220 .. 68° .. 39” == 1270719” 
, Lhe number of seconde in 12 signs == 1296000. 


Torrestrial days in a KALPA = eet These divided by l 956313 


becomo DRI- 
Revolutions of Moon == 37763300000 DHA or roduced. 36002, 
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8 
19. The remdinder before omittcd subtracted from the 


divisor will give the remainder of seconds: if that remainder. ` 


of the seconds is greater than the terrestrial days in & KALPA, 
then the question is an “impossible one” (incapable of 
solution and tho planet’s place cannot be found at any sm- 
rise) + but if less it may bo solved. Then from the remainder 
of tho seconds the anagaaya may bo found (by tho KUTTAKA 
pulverizor as givon in the LÍLAVÁTÍ and BÍJA-GAŅTTA) Or, 

20. That number is the number of anaruaya by which tho 
reduced number of revolutions multiplied, diminished by tho 
remainder of the revolutions and divided by the reduced 
number of terrostrial days in the kara, will bear no remainder. 
The reduced number of terrestrial days in a xarra should be 
added to the aiaraaya such a number of times as may make 
the day of the weck carrespoud with tho day required by 
the question, — ` 


Now when the mean place of the Moon,was sought, the rulo was 


As tho Terrestrial) | Revolutions ina Given days or . 
days ina KALPA. f ê  KaLPA, þe: sainaiyi. } t Revolutions. o 
If any romninder existed, it, when multiplied by the number of seconds in 
12 signs and divided by xaxra, terrestrial days gave the Moon's mean place in 
seconds, We now wish to find the nuagaya-8 28H or tho remainder of roro- 
lutions, from the Moon’s given place in seconds: we must therefore reverse the 
operation 
Moon’gplace in seconde X KALPA terrestrial days 


amten 


= BHAGANA-B'ESHA, 


or 


i ‘seconds in 12 signs 


Tho terrestrial days, however, to be used, must to be reduced to the lowes) 
terms to which it, in conjunction with the KALPA-DNAGANAS or revolutions ina 
katra can be reduced: the lowest terms ns abovo stated were of the torrestrial 
days = 956313, of the Moon's KaLra-BHAGAyas = 35002, . 


1270719 X656313 1215205099047 


1296000 1296000 
331047. 
937658 quotient 
1 addiug one 


gives 937659 for the BHAGANA-8' ESHA. i 


The reason for adding one is, that we have got a remainder of 832047, which 
we never could have had, if the original remainder had beon exactly 937658, it 
must huve been 1 more. This is therefore added : but the remainder of seconds 
may now be found—for it will be 12993000 — 331047 == 961903. 

This remainder 964953 being greater than the terrestrial days reduced to 
lowest terms, viz. 956313, the question does nut admit of being solved.—L, W. 


== =e e = 937658 quotient — remainder 
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ĉl If tho Moon’s suagaya-s'esna or the remainder after, 
finding the complete revolutions admits of ‘being divided by « 
1650000, without leaving any remainder, the question may thch 
be solved: the reduced BHAGANA-8 RsHA on being multiplied by 
886834 and divided by 951363, then the remainder will give tho 
ATAROANA, The divisor should be added tb this remainder « 
till the day of tho week found corresponds with that of the 
question,* 

22. The mean place of the Moon will never be at any | 
sun-rise, equal to 0 signs, 5 degrees, 
36 minutes and 19 seconds. 

A3, When will the square of the apHrmdsa-s/esHA remainder 
of tho additive months, multiplied by 
10 and the product increased by one, 
be a square: or when will the square of the apHim{sa-8 ESHA 
decreased by one and the remainder divided by 10 be a square? 
The man who shall tell me, at what period of the xarea this 


of 


+ find the ARARGANA from the Moon’s BHAGANA-S'ESHA. 
R = BHAGANA-8'KSHA, 
T = 1677916460000 terrestrial days in a KALPA, 
M = 57768300000 the Moon's revolutions in a KALPA, 
@ = AHARGANA, 


Impossible question. 


Question 6th. 


R R 
Then, as T : M eet T E T 


Me—Ty=R: 

In this equation 1s M snd T aro divisible by 1650000, R must be divisible by 
tho same number, otherwise the question will be kumita or “impossible,” as 
stated in the text, 

». Dividing both sides of the equation by the number 1650000, we lave 
35002 v — 956313 y = R’ or M's — T y= R’: 

Now let M'a’ -— T y’=1 : or 35002 z’ — 956313 y’ = 1: hence we have 
a’ == 886834 
and z = R' af — T é (sea the note on the verse 11th) 

== 886894 R’ — 956313 é Hence the rule in the text, 

And, as the reduced Buagayas’zsma == 997659 (seo the preceding note) hence 
937659 XK 886884 = 831547881606 : 

This divkled by 956318 will give as quotient 869555 (i. e. £) leaving a re- 
mainder of 267151 which should be the AHARGANA, but as the BRAGANAS’ESHA 
i. e, 987659 does not admit of being divided by 1650000 (the numbers by which 
the terrestrial days were reduced) it ought to have been KuILA or insoluble 
question: bat BuAsxardcnduya here still stated this number to be the true 
AHARGANA, —B, D.) 


XIII. 24.] Siddhdnta-# romani. 941 


will take place—will be humbly saluted even by tho wise, who 
generally speaking, gazo about in utter amazetnent and confu- 
gion at such questions, liko the bco that wanders in the bound- 
less expanse of heaven without place of rest. 
24. » (In working questions of KUTTAKA pulverizer, the ang- 
Remark on tho preceding ment must bo reduced by tho samo 
‘queen , number by which tho snáva dividend 
and HARA divisor aro reduced to their lowest terms, and when 
_ the augment is not reducible by the samo number as the 
BHAJYA and HARA, the question is always insoluble.) But here, 
in working questions of KuTTAKA, those acquainted with tho 
subjoct should know that the givon augment is not to be 
reduced, i. e. it belongs to the reduced pudsya and mara, 
otherwise in some places the desired answer will not be 


obtained, or in others the question will be impossible.* 
° 


* (The questions in tho 23rd verse are the questions of the VARG -PRAKRITI or 
the aifécted square, i. e. questions of jndetermimate problems of the second degree, 
let question, Let a = the ADHIMÁBA-S'ESIA : 
then by question 10 x? +4 1 = 4* 


In auch questions the coefficient of x is called PRAKRITI, tho valuo of z Ka 


NISHTHA, that of the augment KauePa and that of y syesuTua, 

Now assume y = m æ + 1, 

then 10 2% -4 1 = (m z + 1)', 
=m + one +i, 
2 m 
s i=, 
: 10 — m? 

Herfee tho rule given by nudsxandcrtarya in his Algobra Ch. VI, verso VI. 
for finding the KaNisHTma whero the KSHEFA 18 l, ia “ Multiply any assumed 
nuniber by 2 and divide by the difference between the square of the number 
and the PRAKRITI, the quotient will be the KANISHȚIHA where the Ksuzea 1s 1,” 

2m 2x3 i 


Now assume m = 3, then 2 = = = 6: 
10 — m? 10—9 


and ^e y= WAT +1>= / 361 = 19: 
e ADHIMATA-8' ESHA = 6. 

From two sots, whether identical or otherwise, of KANISHTH4, JYFSUTRA and 
xauzpa belonging to the samo PRAKRITI, all others can be derived pan eee 
followa. 

Let a == PRAKRITI, and 

Zit b, } tho two sota of KANISHI HA, JYESHTHA and Kener, the 
Bar Hor% s: » then 
we have ° az? +b, =y?; 
ari + b= yi: 
b =y e—a z, 
bg =y} ~ari: 


T 
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25, Tell me, O you competent in the spheric, considering 

‘ it frequently in your mind for awhile, ‘ 
what is the latitude of the city (As 

which is situated at a distance of 90° from UJJAYINÍ, and bears 


Question. 


ð o e 
and .*, b, xb, = (y3 — a z?) (y3 —a 23), ° 
=y yi — asiy — assy targar; o 
no aay pariy + b, by yh y Ha et a: 
i adding +? az, 24 Y, Yg to both sides P 
a2 yk ae, Tey, Ya tariy? A b, bayt y E? ag, 299, Y Harar, 
ar a (2, Ja £ tg 91) Fb, by = (Y, Ya E G T, Tg)”: 


thus wo get a now set of KANI€THA, JYESIIȚHA aud KBUEPA : 
i, 0, NOW KANIRHTILA = T, Yy È Te Y, 3 
now JYESUTHA = Y, Yo + OX, T33 
and new KSHEPA == b, b,: 
Henco the Rule called Bitavand given by poAsxarAcuarya in his Algebra 
Ch VI. verses ILI. & TV. 
Now in tho present question 
x, = 6, y, = 19 ands, =1, 
and also 2a = 6, y = 19 and b, = 1; 
«s New KANISHTHA = 6 Xx 721 - 228 X 19 = 4326 -4 4332 = AGS ; 
new JYRSHTHA == 721 X 19 + 10 % 6 X 228 = 13099 4+ 13680 = 17379 ; 
and new KSHEPA =i K1=1, 
Thus æ = 8658 £c., according to the Bhavana basumed. 
The second question is 


or z =10y +1, f 
Hore then wo have an equation similar to the former one, but z? is now bo 
in the place of y* and y? in the placo of %, 
ʻe oc will bo =19, 
or == 7321 &o. 
Now given ADHTIASA-SESWA aa found by the first case = 6, The proportion 
by which this remainder was got, was 
if KALPA SAUBA duya : KALPA-ADUIMAgAS : : 2 or elapsed SAURA days == ¢ 
6 


y+ , 
KALPA SAURA days 
se KALPA-ADHIMASAB X% 2 == KALPA SAURA days X y + 6 
KALPA-ADHIMASAS X v — 6 


. o y= 


KALPA SAUBRA days 


From this we get a new question: “What are tho integer values of 2 and 
y in ths equation?” which question is one of the questions of KUTTAKA and in 
Which the coellicient of the unknown quantity in the numerator is called BHAJYA 
or dividend, the denominator Haga or divisor and the augment KSHEPA, 

It is clear that in this equation, if the augment be not divisible by the same ° 
number as the dividend and divisor, the values of 2 and y will not be integers, 
and hence the question will be insoluble, ‘But here in order that no question 
should be insoluble, the author has stated that the dividend and divisor 
should always be tukon, reduced to their lowest torms, otherwise the*question 
will be insoluble. ee 

As in the present question, if the dividend xaLPa-apHiMasas and tho divisor 
KALPA SAURA days be taken not reduced to their lowest terms, i, e, not divided by 
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„due east from that city (ussAvinf) 2? What ia the latitude of 

» the place (B) disthnt also 90° from the city (A) and bearing 
due west from it? What also is the latitude of a place (C) 
also 90° from (B) and bearing N. E. from (B): and of the 
place (D) which is æituated at a distance of du" from (C) and 
bears S. W. front (C) ?* 


tho number 300000, the question will be an imposmble one, becanse the augment 
6 ia not divisible by tho same number. For this reason tho dividend amd 
, divisor must bo taken here reduced to their lowest terina. 
1593300000 
Hence, dividend = reduced KALPA-ADHIMASAS == ———-—— = 5311; and 
300000 


1555200000000 
divisor = reduced KALPA SAURA days = -_—— = 5181000 . 
300000 
: B31 r — 6 
By substitution, y = —— 5 
5181000 


which gives x = 826716 the clapsed savna days 
or 2276 years 6 months and 6 days.—B. D.] 
* Let a = the azimuth degrees, 
d = the distance in degree’ between the two citica, 
p = Parana’ at the given city, 
k = AKSWA-KARNA, 
and x = the latitude of the other city? 


sin d K cosa coad x *) 12 


Then sin 2 = (| — ——— + x —. 


Rad 12 k 
Now in tho 1st question, ¢ a == 90°, d = 90°, p = 5 digits, (he PALABHA’ at 
UJJAYINÍ, and $ == a127 J 128 i 5! = = 13: 

6 3383KO OXG 12 
s — t—-) x—; 

3138 13 

+0) xX i= 

r o= = Trah of (A) or of YAMAKOTI, 


(2). In the second question, a = = 90°, d == 90°, p = 0 digits at YaMakort, * 


leska 13: 
p 3198x0 OXON 12 
c mnr t—-) x=; 
3138 12 12 
= (0+ 0) }g==0: 
x = 0 Latitude ot city (B) or LANKA, 


(3). In the 3rd question, a = 45°, d = 90°, p = 0 at TANKÁ and & =>12: 


b 3438 x 2431 0X0 u 
o ine = ——-— + -— ) x — 
8438 12 12° 


= (2431 + 0) KL = 2431: 
» 2 
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26 and 27. Convert the distance of YoJÄNAsS (between the 
‘ two citics, one is given and the other : 
is that of which tho latitude is to bé 
found,) into degrees (of a large circle) , and then multiply the 
sine and cosine of these dogrees by the cosine of the atimuth 
of the other city and PAtABHÁ at the given city, and divide tho 
products by radius and 12 respectively. Take then tho differ. , 
enco between these two quotients, if the other city be south 
of cast of tho given city ; and if it be north of that, the sui of 
the quotients is to be taken. But the roverse of this takes ` 
place, if the distance betwcen the cities be moro than a quarter 
of the carth’s circumferenco. ‘ho difference or sum of tho 
quotients multiplied by 12 and divided by axsnakarya will 
give the sine of the latitude songht.* 


Rv. ` 


a = 45° Latitude of city (C). 


W In the 4th question, a = 45°, d = 90°, p=12 at C and s k= 
D ' ' 


¢ 
3438 XP / F7 0X12 12 
e s'o sin 2 = ees Line at 
3438 ' 12 12ą/ 2 


3438 Ja 0) 1 3138 
a Q A XX" 7; = — 
2 Aia’ 
~ z= 30° Latitude of D.—L. W. 


* [Lot Z ba tho Zenith of the 
given city bearing a north Intitude, 
Z HN Q tho Meridian, G A H 
tho Horizon, P tho north pole, 8 
the Zemth of the other city, the 
latitude of which is to be found 
and Z 8 N the azimuth circle pass- 
iug through S. Then the are Z 8 
Viel is equal to the distance in 

egrecs between tho two cities) will G 
be the Zenith distance of S; the 
aro H Q, the are containing the 
given azimuth degrees, and SA 
which is equal to the dcelination of 
the point S, tho latitude of the 
other city which can be found as 
follows. + 

Let a = H g the given azimuth 
degrees, 


N 

a 
d == 7 S the distauce in degrees between the two cities, 
p =='PALABIA, 
k == aXsila-Kakya 
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, 28. Tell me qiickly, O Astronomer, what is tho latitude 
: of a placo (A) which is distant $ of the 
earth’s circumference from tho city of 
DHÁRÁ and bears, 90° due east from it? What also is tho latitudo 
of a plate distant 60¢ from pufrd, but bearing 45° N. E. from 
it? What also is the. latitude of a place distant 60° from DRAR 
and bears S. E. from,it? What also aro the latitudes of 
three places 120° from pur and bearing respectively due 
east, N. E., and 8. E. from it ?* 


Question. 


and æ == SA the declination of the point S i. e. tho latitude of the other city, 
Then say, As sine Zg: sine Ag:: sino Z §: the suts i, ©. the sine of 
distanco from S to the Prime 
Vertical. 
or R:cosa::sind: BUUJA 
cos a sin d 


hs BEUJA =, 


R. 
And by similar latitudinal triangles, 12 : p : : cos d : s’ANXUTALA, 
p R eos d 


12 ° ° 
Now when the other city is north of cast of the given city, it is evident that 
the puusa will bo north and consequently » 
the sine of amplitude = BRUJA + S’ANKUTATA : 
but when the other city is south, the anusa also will be south and then, the 
sino of amplitude = BUJA ^- 8’ANKUTALA, 
coana yx sind p oosd 


Ka S'ANKUTALA = 


Ca 


or the sino of amplitude = 
R 12 


And by latitudinal triangles 
& : 12: $ sine of amplitude : sine of declination i. o. sin æ 


(- a% sind py cosd 
12 <m 
12 X sino of amplitude B 12 ) 


k k 
hence the rule in the text. ' 
It the distance in degrees between the two cities be more than 90°, the point 
S will then lie below the Horizon, and consequently the direction of the BHUJA 
will be changed. Therefore the reverse of the sigue t will take place in that 


case.—B D.] 


sinc i 


sin d X coana cosd Xp 12 
— + x r 6 
R 12 k 
(1.) In the first question, a = 90°, d = 609, p == 5 digits the PALABHÄ of 
DHARA and .”. k= 13. $ 
(= x 01719 x à) 12 


* Hero also sin z = 


+ 
3438 12 ° 
17195 13 8595 9 


x 66 : 
1} 13 13 13 
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€ 
29, Tellme, my friend, quickly, without being angry with 
; me, if you havo a thorough knowledge . 
, of the spheric, what will be the raras? 
of the city whoro the Sun being in the middle of the arr 
NAKSHATRA (i. o.thaving the longitude 2 signs 13° 20’) tises in 
the north-cast point.* s 


Question. 


s æ = 11°..15..1” Latitude of city due eart from DIARA, 


(2). In tho 2nd equation, a = 45°, d = 60°, p = 5 & o. k = 18: 
2977 X 2431 1719x656 12 
- sine = f ———--—— x ) 
3138 12 
19399109 1913 


7449 749 
“, wom 49° ,18',. 22" Latitude of city bearing 45° N. E. from DARA. 


(3), In tho 3rd question, a = 45°, d = 60°, p = 5 and & = 13, 
2077 X 2131 1719 x a) 12 


OE aS Eoman x—; 
« 3138 12 13 
9549239 7070 


7419 749 f 
c. z = 2lo DS.. 34” Latitudo of city bearing the S, E. from pana. 


(4). To find latitude of placo 120° from prara and duo cast. Hore, sin 
d == sin 120° = sin 6u? = 2977, cos d = vos 1300 = — sin 30° = — 1719 
cos a = 0, p = 5 and $ 13: 


2977 x0 1719 x & 12 
os sin a= ( + ) X-; 


3438 12 13° 
9 
= 662 -m $ ‘ 


3 
”. # or latitude = 11° . 16’..1”. 
The latitudes of the placos 120° bearing N. E. & S. E., will be the samo as 
the latitudes of those places distant 60° and bearing S. E & N., E. Henco tho 
' latitudes are 21° 64...34” and 49° 18’ 24".—L. W. 
© Aner, Sun's amplitude = sino of 46° = 2431’, 
the sine of longitude of middle uf agpRa = sino of 2 signs 13° 20° = sif 75° 
20 = 3292.. 0” 40%” 
and the sine of the Sun’s greatest declination = sin 24° = 1397’, 
Then say: As Rad: sin 24°; ; sin (73° 20’) : sine of declination, and as 
sine of amplitude : sine of declination : : Rad : cos of latitude, 
.“. sino of amplitudo : sin 24e ; ; sin (78° 20’) : cos of latitude, f 
sin 24° x sin (730.. 20) 1397 x (3292° . 6” . 40”) 
2q 
sine of amplitude 2431! 
= 1891’ 60’ 48” = sine of 33° 23’ 37” : 
whenco latitude will be 56° 36’ 23’ .*. sine of latitude = 2870’ 13”. 
Then say: As cos of iatitude: sine of latitude: : Gnomon : equinoctial shadow 
e 1891'..61" : 2870 18” :: 12 


12 x (2870'..13") 13 
= 18 — digits. —L. W. ` 
e 189’ BL” 30 


.. cos of latitude = 


«<. equinoctial shadow = 
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30. Tell me thé several latitudes in which the Sun remains 
, above the horizon for ane, two, three, 
four, fivo and six months before he 


„Question. 


sets again.* 
31. Wf you, 0 intelligent, are acquainted.with the resolu- 
» | tion of affected quadratic equations, 
then find the Sun’s longitude, observ- 
ing that the sum of tho cosine of declination, the sino of decli- 
nation, and the sine of the Sun’s longitude: equal to 5000 is 


Question, 


' (tho radius is assumed equal to 3438.) 


32. Multiply tho sum of the cosine of declination, the sino 
of declination, and the sine of Sun’s 
longitude by $, and divide the product 
by 15, the quotient found will be what has been denominated 
the fpva. Next square the sum and double the square and 
divide by 337, the quofient is to he substracttd from 910678 
Take the square-root of tho remainder, ‘That root must then 
bo subtracted from the anya above found: the remainder will 
be the declination, when the radius is equal to 3438. From’ 
the declination the Sun’s longitude may be found.t 


RULE. 


* Ansr. When tho Sun has northern declination ho remains aboyo the 
horizon for one month in 67° N. L. 
two months in 69° 
three months 73° 
a fow mouths 7° 
five months 8P? 
six months gi 
These are roughly wrought : for Brraskan<cmArya's rule for finding these 
Latitudes sce the TuIrmas’Napuyayas of tho GoLaDUYAYA and also the GANITA- 
piryaya.—L. W. 
t [Let a = the given sum, 
p = the sme of the Sun's extreme declination 
x = the sine of the Sun’s declination. 


Then the cosine of declination will be a/ R*—z? and the sine of the Sun's 
Re 
longitude = — : 


P 
Re 
s. by question , /R?—r + t+ — =a: 
P 


or * p a/R + (R42) 2 = ap, 
and Pf/-2= =ap— “(B+ y)2; 


* Bp? Baal pt —2ap (B+ p) z+ (K+ 2Rp +p); 
aly akp tiple —tep Geneseo R*) p* ; 7 
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33, Given the sum of the sines of the dedlination and of the 
‘ altitude of the Sun‘when in the primo i 
vertical ; the TADDHRIT!, the KUJY< afd 
sine of amplitude cqual to 9500, at a placo whore the ratapnd 


Question. 


t t (7 


2ap (R +p) (a? — RB?) p° å 
or g g =m mae 3 
: RY 4 2B p+ 2pt Ri + 2Rp + 2p? 
2ap (B+ p) a? p? (B + p)? 
completing the square, z? — - aera 
RE 2Rp yap (Bi + 2 Rp + 29°)" 
a p (R +p)’ (a* — R*) p° 


(RE aRp tap)? Rap + ap 
Ri p’ + 2 Re pt + 2 RY p* — a? pt 


Gaerne 
a? p* 

SEFE © (ROR p +3 Te 
ap (R +p) _ =+ [— a! pe S 
aa eee | + SEE 
RP 2Rp + 2p" | ayirar R4 $2Rp+3p)* 

n ap (R + p) + JE j 7 wp 
B+ 3Rp +S a "(FBR +2 ph? 


* Now here R = 8488 and p= 139%, 
a p(B +p) _ ap + 7) a X 1397 % 4835 6734495 a 


i R +2 Rp+ 2p! TR + p)® +p? (4835)? + (1397)° 25328834 = 


— a nearly == ÁDYA ; 


15 
aè p* 3808777688881 a? 2a? a 
G+ 2 7 + 2p)? 611549831799556 337 f 
23167713928996 


and meee ma So == 910729, in place of this the Au- 
R? 4.2 Rp + 2p? 25328834 
thor has taken the numher 910673, 
‘3, goo Apya E a/ 910878 — 3 _ tir Jr a: j 


but of these, the positive value is excluded by the nature of the case, because 
the sine of declination is always less than 1397. 
Hence the Rule in the text. 


Solution, The given sum = 6000, 


000 x t 
°. ADYAg== == 1833’ 20” and sf, a? = 148367! 57” 9.” 


., sine of declination == 1333’ 20” — a 910678 — 118367! 57! gs": 
i == 1933’ 20” — 873/ G 197 
i == 460' 13” 477’: from which we have the longitude of 
' he Sun == 0¢,,19°.. VY 36” or 5° 10°.,45/ 247 or & 19° 14. 36” or 
H. 10°.. 45/,. 24 "=H, D.] ' 


g t 
| 


or 
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h 
cquinoctial shadow is 5 digits, tell mo then, my clover 


. friend, if quick int working questions of latithdinal trimglos 
and capable of abstracting your attontion, what aro, tho separate 
amounts of each quantity ? 


Rute, 


in 


34. Kirst assume tho sine of declination’ to bo oqual to 
; 12 times the shadow PALaBHi: and 
» then find the amounts of the romain- 


g quantities upon this supposition, Then these on.the sup- 


, position made, multiplied severally by the given sum and divided 
by their sum on tho supposition made, will respectively make 


mn 


anifest tho actual amounts of thoso quantities tho sum of 


which is given.* 


Question. 


do. If you have a knowledge of mathematical questions 
involving tho doctrine of the sphero, 
tell me what will be the several amounts 


of sincs of amplitude, declination and the xusyd (whero tho 
PALABIA is 5 digits) when their sym is 2000.+ 


® Solution. Hero patanu = 5 digits e 
s. Nupporo the sine of dcelin. ition = 5 xX 12 = 60: 


and then say, JË PALABOÁ ; AksitaKanya ; : sine of decin. : BAMA 8 ANKU 


and .*. 


13 X Gv 
. or 5 : 13 :: 60: SAMA B'ANKU =- 


=166, 


5 
156 X 13 
{Cnomog : AKSHAKARNA : : SAMA SANKU : TADDIKITI == ———--—— == 169 , 
12 
60 x 5 
. 12 : paranna’ : : sino of decln. : KUJYA = = 25, 
12 


60 413 
and 12: aKsttakarna: : sino of decln.: sine of amplitude = --———-=63, 


“ Ifthe sum: sine of deeln. supposed : : given sum : sine of decla, required, 


or 4175 : 60 2: 9500 ; 1200. 
If 475 : 166 : 9oU0 : 3120 BAMA S'ANAU required, 
and so on S3SU TAVDILHITI 
: 600 KUJYA 
130) eino of amplitude, 
Ansar, 
. L, W. 


+ Solution. Tore also paranna = 5, 
thén suppose sine of declination as bofore = 60, 
sine of amplitude » = 65, 
and KUSYA = 2, 
the sum = 150, 

» |. 
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e 
86. But dropping for a moment those” questions of the, 
SIDDIANTAS involving a knowledge of » 
the doctrine of tho sphere, tell me, my 
learned friend, why in finding the point of the ecliptic rising 
above tho horizbn at any given time, (that is,the LAGNA or 
horoscope of that time,) you first calculate: the Sun’s apparent 
or true placo for that time, i. o. the Sun’s instantanoous place + 
and furtker tell me, when the Sun’s savana day, i. e. terrestrial 
dny, consists of 60 sidercal amapıxás and 10 paras, the LAGNA , 
calculated for a whole terrestrial day should be in advance of 
tho Sun’s instantaneous placo, and the Laana calculated for the 
time equal to tho terrestrial day minus 10 raras should bo 
equal to the Sun’s instantaneous place. 

37. Aro the anatixss used in finding the LAGNA, GHAȚIKÁS 
of sidereal or common sXvana time? If they are sÁVANA 
auatixds, then toll me why are the hours taken by the several 
signs of tho ccliptic in risigg, i, o. tho RÁs'YUDAYA which aro 
,sidereal, subtracted from them, being of a different donomiua- 
tion? If on the other harid you say they aro sidereal, then 
I ask why, in calculating the raana for a period equal to a 
whole sdvaNna day i.o. 60 sidercal anaņıxas and 10 raras, tho 
LAGNA does not correspond with, but is somowhat in advanco 
of, tho Sun’s instantaneous place; and then why the Sun’s 
instantancous place is used in finding the taana or horoscope.* 

38. Given the length of the shadow of gnomon at 10 uapís 
after sun-rise equal to 9 opi at a 
place where the raraBuk in 5 digits, 
toll mo what is tho longitude of the Sun, if you aro au faié in 
solving questions involving a knowledge of the sphere.t 


Questions, 


| Question. 


Then say as before 
as 150 : 60 :: 2000 : 800 sine of declination, 
as 150 s 65 :: 2000 : 866}’sino of amplitude, 

as 160 : 25 :: 2000 : 333$ xusya.— L. W. 
ok Por answers to these questions we the note on the 27th verse df the 7th 
+ [Ror solving this question, it is necessary to define somo lines drawn in the 
Arwiilary sphere and show some of their relations, 
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39. Tell mo, È Astronomer, what is tho raLasnt at that 
: place whero the gnomoh’s shadow fall- 


Question, ? . 
ing due west is cqual to the gnomon’s 


Tet BODE be meridian of the given place, C A FE tho diameter of the 
Horizea, B the*Zenith, P and Q tne north and south poles, B A D the diameter 
of the Prime Vertical, P A G that of the Equinoctial, P A (Q that of the six 
o'clock line, Hf L that of one of tho diurnal circles, # tho Sun's projected plaro 
in it and f h, em, IT n perpendiculars to C E. Then 

B F or E P = tho latitudo of the place, 

A f = the sine of the Sun’s declination, 

A n = agra or the sine of amplitude, 

g = xvsya’, (It is called cranasya’ or sine of the ascensional difference 
whien reduced to the radius of a great circle ) 

fea Kata’, (It is called s6rza when reduced to the radius of a great circle ) 

a g = ISHȚA HRITI. (It is called TappHRITI when 2 is ab e, HRITI when s is 
at H and xusya when e is at f.) 

The rata HRtTL reduced to the radius of a great cirolo 1s called 1674 ANTYa’, 
but s coincides with H, it is called axtya’ only. 

It is evident from the figure above described that 

(1) rsnfa BRITI = Kata’ + KUJYA’, 

(2) 1suga anya’ = BÚTRA $ CHARAJYA', 

(3) Haitt = pyvsya’ or cosine of declination $ XUJYa’, 

(4) Anrya’ = radius + cnaragzya’.” 

Here the positive or negative sign is to be taken according as the Sun is in 

the northern or southern hemisphere. 
e U oe 
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« 
height when tho Sun is in the middle of tho sign Leo, i. o., 
when his longitude is 4 signs and 15 degreed.* 


8 

Now at a givon hour of the day, the tsm7a mgRITI and others can be found 
as follows, i 

Half tho length af tho day diminished by tho timo from noon (orgho Nata 
Ka’La properly eo cullod) is the oNNwaTA Kata (or eleved time), Subtract from 
or add to tho UNNaTA Ka’La tho ascensional difference wcording as the Sun is 
in the northern or southern hemisphere: reduce the remainder to degrees ; the 
sine of the degrees is sGTRa, The súrga multiplied by the cosine of declinatio 
and divided by the radius gives the kata’, Then from the above formulm wọ 
can easily find the rsipa uerTI and others. 

Now to find the answer to the present question. 

Square the length of the Gnomonic shadow and add it to the square of tho e 
Gnomon or 144: and square-root of the sum is called the hypothenuse of the 
shadow, From this hypothenuse find the Mawa’s'anxu or the sine of the Sun's 
altitude by the following proportion, 

As the lypothenuse of the shadow 

: Gnomon or 12 

z; Radius 

: Tho Manas’annv or the sino of the Sun’s altitude. 

Then by similar latitudinal trianglos, 

as the Gnomon of 12 digits 

: AsKSHA KARYA found from given PALADIA’ 

2: MAMAS ANKU ° : 

: ISUTA NBITI (aco verses from 45 to 49 of the 7th Chapter), 

Reduce the given UNNATA KA’LA to,degrceos and assume the sine of the degrocs 
as IBHFANTYA (for this will always bo vety nenr to tho 1sia‘Ntya). Then 

F cosine of declination = ISUTA BRITI 
Radins ISHTA’NTYA 

From this the cosine of declination will nearly bo found, and thence tho 
declination and ascensional difference can also bo found, From the ascensional 
difference, just found, find the Isuta’wtya’ of two kinda, one when the Sun is 
supposed to be in the northern hemisphere and the othor when the Sun 1s 
supposed to be in the southern hemisphere, Of these two Isatantya’s that is 
nearly true which is nearer to the rough 1sHta'NTya’ firat assumed (i. e. the sine 
of the UNNATA Ka’na), From this new isita’Ntya’ find again,the declination 
and repeat the process until the roughness of declination vanishes. Frdm tho 
declination, last found, the longitude of the Sun can be found.—B, D.] 

* Tho hypothenuse of tho shadow is fest to be found, Then say 
As hypothenuse of the shadow 

‘ 3 Gnomon 

r: Rad 

: the mana’ g’aNKU or tho sine of the Sun’s altitude. 

Here wo shall find sine of 459°, This is the SAMA s’ANKO. 

It ia 2431’ signs 

Sino of declination of the Sun when in 4 .. 150 = 987 489” 

c SRBI) * — 987.. 48") t= (TavpnRITI — KUYA’)? 

or 5909761 — 975749 .. 9 = 4931011 6l. 

c", TADDURITI~ KUJYA’ = 9/493 WI) .. 61 == 2221’ .. 16” 


Here we haro 3 sides of the Jatitudindl triangle consisting SAMA 8’ANKU, 
declination and TADDNRITI — KUJYA’, Hence wo may find the latitude, 

Then by similar latitudinal triangles e 
A$ TappuRITI — kuaya’ 2221’. 15 

: eine of declination 987’ ., 48” 
+: Gnomon 12 

: PaLaBHA’ G} digits.—L. W. 
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40. Whon thé Sun entors tho primo vortical of & person 
d at vysayinf oither ate 5 amatis after 
sun-rise or § anara before or after 
midday, what are his declinations? ‘If you will answer mo this 
I will Aold you to bo the sharp anxus’a (goad)'for the guidance 
of the intoxicated elephants, the proud astronomers.* 


a Question, 


s * First of all assume IN tho TAD- 
Digi == sine of tho gyen clevated 
time that is = sin 30% From this 
find the s’anxv or the sine of allitudg 
by simular triangles. 

Tt axsita Kinva or hypothenuse of 
equinoctial shadow. 
: Gnomon 13 
z: TADDURITI 
12 YK TADDURITI 
0 H : BAMA 8’ANKU == = 
13 


ON 
From O N, to find O B the sifte of declination sny 
F PALaBua’ & ON . 
as AKSA KARNA: PALabWA’:: ON: OB= commana == gine of do- 
i 13 ; 


clination. 
From O B we may now find the longitude of the Sun and O D the naren- 
sional difference: Now deduct this asegnsional difference from tho sine 
elevated time converted into degrees, Henco 
CD—OD=CO. 
Now reduce O O to terms of a small circle on the supposition that the Sun 
has the declination now found, 
As Ral: OO: : cosine of declination: N B., 
Now find also B A by the samo proportion. 
Then N B +,B A = N H'a new value of TADDIRTIT, 
ICAI N : gava O B :: HN’: O B’ corroctod valuo of O B, 
Hence a corrected longitudo of the Sun, 
The operation tò be repeated till rightnoas is found. 
. a find the declination from the NATA ka’LA or timo from noon = 
sin 30°. ; 
Let a = the sine of NATA KA’'LA : R? — a? = sérRa’, 
-nd z == tho sine of declination : R? — z? = cos* of declination. . 
The stirra reduced to value of diurnal circle will give KALA’ 
The proportion is, As R : 8úTgA : : cos of dechnation : KALA’, 
but I do not know what cos of deelination is but only its square, 
I must therefore make this proportion in squares 
(B? — a’) (RB? — at) 


As R?: sGrma®:: cos? of declination: xaua ) = ————_———~ 


kh? r 
« Now hy similar latitudinal triangles b . 
As 12 ) 3, PALABHA’ ) 4s; KALA ) 4: sine? of declination 
‘ PALABHA ) * 25 (RP — a") (RP 2) © 
«s sinc? of declination = ——-—~ x KaLa ) * == —- X a 
iż) 3 144 R 
. 6 


=a! 
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41. Ina place of which the latitude is tmknown and on 
' a day which is unknown, the Sun was 
, observed, on entering tho prime ver! 
tical, to givo a shadow of 16 digits from a gnomon (12 digits 
long) at 8 anaņirás after sun-rise, If yon will tell the the 
declination of the Sun, and the patanni I wi hold you to be 
expert without an equal in the great expanso of the questions , 
on directions space and time,* 

42, O Astronomer, tell me, if you havo a thorough know- 
ledgo of the latitudinal figures, tho 
PALABHA and the longitude of the Sun 


Question.’ 


Question, 


Now R? —a? = 8864883 
25 (R? — a?) = 26 x 8864883 = 291622075 
and 144 R? = 144 (3438)? = 1702057536 
221622075 (R? — 2) 


eens SZ 


1702057536 s 
' 1702057536 
Bt = a? = ———-— ¢* = 73 c™nearly 
221622075 


3 R? 
"^ 26 27==3 R*; g? = — == 1393898 
26 


andz= f 1363828 = 1167’ = sine of 19°... 61’ 
Hence the Sun's place may be found.—L. W, 


* To find the sine of altitude or mana’ 8’aRKU 
(16)? -4+ (12)* = (20)* ... hypothenuse of the shadow = 20, 
on 88 


y 
As 20: 12: : 3498’: 2062’.. 48” = the wana’ s’anxv, 
Now supposo the sine of UNNATA xa’LA or 8 GuaTixa’s to be the TADDHRITI 
oSm 2655 e 


Then by similar triangles 


2655’ X 12 
2062’... 48” : 2655’: : 12; AKSEA KARYA = ———-—— 
20623 
From this fnd the razasma’, 
To find declination says 


As AKGHa KARNA : PALABHA’:: 2069’ ,. 48” : sine of declination, 

From thisdind the cosine of declination, the kusya, the ascensional difference, 
&e. The UNNATA Kata diminished by the ascensional differonce gives the time 
from 6 o'clock : the sine of this time will be the sóTea and hence the čara : 
thente (xusya’ being added) the TADDHRIT] : and thence the akenta Kawa and 
declination. The a to be repeated till the error of the original asenmp- 

«tion vanishés,—L, ° 
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„at that place, whero (at a certain time) the KUJYA is equal to 

» 245 and the rappfrgrti is equal to 3125.* i i 

° 43. Given the sum of the 3 following quantities, viz. of the 

sines of declination, and of the alti- 

ə tude of the Sun (when in tho prime 

vertical) and of the tappHRitt decreased by tho amount of tho 

„KUJYX equal to 6720, and givon also tho sum of tho kusy4, the 

sines of amplitude and declination (at the same time) equal 

to 1960. Iwill hold him, who can tell mo the longitude of 

the Sun and also PaLABHÁ from the given sums, to bo a bright 

instructor of astronomers, enlightening them as tho Sun makes 
the buds of tho lotus to expand by his genial heat.t 


Questipn. 


. © Aner, Let z = the PALABNA 
2940 
then say. Asw:12:: 246: siro of declination = — 
a 


Now find the TADDHAITI minus KUITA’. 


” 2940 * «a 85280 
Asz: 12: : ——: TADDERITI — KUIYA = -—. 
z z? 
But TaDDHRITI — KUJYA z= 3125 — 245'= 2880. 
35280 35280 49 
ee 2880 = ——- and 2? == ——- = — 
2 2880 4 


“. 2 E f= 3} PALADHA, 
To find declination say 
As 3$ : 12 :: 245 840 sino of declination, 
Hense the loigitude of the Sun may bo discovered as before.—L. W, 
t ‘This question admits of a ready solution in consequence of ita peculiarities, 
The sine of declination 
BAMA S'ANKU > =: 6720 
and TADDHRITI — KUJYA 
gro all three respectively perpendiculars in the three latitudinal triangles. 
And the kusya 
the sine of amplitude > = 1960 
and the TADDUAITI — KUJYA ‘ 
are bases in the sume 3 triangles. 
Hence we may take the sum of the 3 perpendiculars and also the sum of the 
three bases and use them to find the PALABHA, 
As the sum of the } sum of the 3 bases = Gnomon PALABHA 
3 perpendiculars ) in the same triangles 
1960 x 13 


6720 : 1960 z: 13: -=3}. ° 
A 6720 

Now the xuzva, sine of amplitude,and sino of declination are the throo fides 
of a latitudinal triangle, These three I may compare with the threo Guomon, 
PALABHA and AKSHA KABYA to find the value of auy one. a 
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44. Given tho sum of tho sine of declivation, sine of tho, 
Sun’s altitude in pfime vertical and 
the TADDHRITI minus KUJYÁ equal tô 
+ 1440’, and given also tho sum of the sine of amplitude, tho 
sine of tho Sun’galtitude in prime vertical «and the taSpHRITr 
oqual to 1800’. I will hold him, who having observed the 
given sums.* i : 
45, Given the cquinoctial shadow equal to 9, What longi- 
tude must the Sun have in that lati- 
tude to givo an ascensional difference 
of threo anatis? I will hold you to be the best of astrono- 

mors if yon will answer mo this question.t 
46. Hitherto it has been usual to find tho length of the 
Sun’s midday shadow, of the shadow 
‘of tho Sun when in tho primo vorti- 


Question. 


Question. 


Question. 


But the axsHa KABNA must be first found to complete fu sum of thoso three. 
ey: 
AKSA KAUNA = MAW L Ara 
Gnomon = 12 
PATABA = 34 == 28 sum of tho 3 sides of a latitudinal triangle, 
AKNHa KARNA = 12} 

Now if 28 : 12 : : 1960: 840 the sino of declination, 

Ilence the place of the Sun as before—L. W. 

æ This question is similar to the preceding. 

In tho first sum wo have the sum of three perpendiculars in threo different 
latitudinal J'riangles. In the second we have tho sum of the three lhiypothee 
nuses of those same three Triangles. Houce wo may say. e 

sum 3 per, sum of 3 corresponding hy. ,Guomon AKSHAKARNA 
As 1 : 1800 s: l2 : 15 
Now from axeita KARNA to find PALADTÁ 

ratati = 4/(16)*—(12)* = Af Bl =9. 

Now sine of amplitude, sine of the Sun's altitude in the Primo Verticul, and 
* the TapDHRITT aro the three sides of a Jatitudinal.—L, W. ° 
Let # == sine of the Sun's declination. 
then 13: 9:: r: xusyA== $ 2. 
Again a/R*—a2? = cosine of declination. 
Then as R : cos of declination : : sine of nscensional differce. : KUJYÁ 
Sino of ascenel, diffee. or cuagaJyÁ = sino of 3 Guatis = ain 18° = 1062’. 
cosin of decin. X CHARAJYÁ 


paee 
a/ EÀ x 1062 l ; 


d ————-—— z] 


° 


= KUJYA œ 


R 
a lenco may be found the sine of tho Sun's decla. and thence his longi- 
tude.— L. W. 
© 1 
' 
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„enl, and when in ån intermediate circle (1. o. Sie ho has an 
, wimuth of 45°) by three differont modos of ealeulation: now 
flo who will by a singlo calculation toll me tho length of these 
threo shadows and of tho shadows at any intermediate points, 
at the wish of the querist, shall be hold to bo a very Sun on the 
Earth to expand the lotus-intellects of learned gstronomers.* 


~». [Here the problem id *thia:—Given tho Sun’s declination or, amplitude, 
fig Sone shadow of the placo and the Sun’s azimuth, to fud the Sun's 
shadow. : 

For solving this problem Budsxandcrinya has stated two different Rulea 

* inthe Ganrtipaydya. Of them, wo now shew here the second. 

“Multiply the square of the Radius by the square of the equinoctial shadow, 
and the square of the cosine of the azimuth by 144. The sum of the products 
divided by the difference between tho squares of tho cosine of the azimuth and 
the sinc of tho amplitude, is called the PRATHAMA (first) and the continued 
product of the Radius, equinoctial shadow and tho sine of the amplitude 
divided by the (same) difference is called the anya (second). Take tho square- 
root of the square of the anya added tothe PRATHANA : this root decreased 
er increased by the ANYA according as the Sun is in the northern or southorn 
hemisphere gives tho hypothenuse of tho shadow (of the Sun) when the Sun 
ia in any given direction of the compass.” ô 

“But when the cosine of the azimuth is loss than the sine of tho amplitude, 
tako the square-root of the square of tho anya diminished by the PRATITAM |: 
the anya docreased and increased (sepamtely) by tho square-root (just found) 
gives tho two valuos of tho hy pothunuwe (of the Sun's shudow) when the Sun 
is in the northern hemisphere.” ° 

This rule is proved algebraically thus, ° 

Let a == the sine of amplitude, 

A = the sine of azimuth, 
e == the Equinoctial shadow, 
and z the hypothenuse of the shadow when the Sun is in any given direc- 
tion of the compass, 

Then suy 

’ 12 R 
as’r: 13:1 R: tho maud s'anxv or tho sino of the Sun's allitude = —-= 
z 


—7 RE _E 
and .*, tho sine of the Sun's zenith distance = 4 x—(>) =- WA ai—Jih, 
a . 


12 8 eR 
Ilow, as 12: e = — : S'ANKUTALA = —~- 


æ & 
~. Biav or the sine of an aro of a circle of position coutained between the 
e 
Sun and the Prime Vertical = a Ẹ —- : (s0 Ch. VIL, V. 41) here the sign 


or + is used according a8 the Sun is in the northern or southern hemisphere, 
Then say . 


R RAEN aR 
a — q/m: a Fain R: A: 
3 z 
RA n eR 
ome y xih = (5) R; 
a 


» ox 
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9 . 
47. Ho who, knowing both the azimuth ‘and tho longitnde, 
' of the Sun, observes bne shadow of tho 
i gnomon at any time, or he who know: 
ing tho azimuth observes two shadows and can, find tho para. 
uni, I shall congeive him to be a very Garupa in destroying 
conceited snakg of astronomers. oo oog . 

[On this BudskardcudRyva has given au example in the-Gayt-, 
TÁDHYÁYA, as follows. 

“ Given the hypothenuse of the shadow (at any hour of tho 
day) equal to 30 digits aud the south 
BHUJA* oqual to 3 digits: given also 
or A f/e—litmarFeR; 

At s*—144 A a P F2Re aw + eR; 


(A*—a*) 2? t 2 Rea xe® R? + 1h4 A?; 
Rea e R? 4 144 A? 


Question. 


Example, 


A?—a* At—a? 
or g? + 2 ANYA 2 25 PRATHAMA : (1) 
"e g? ob 2 ANYA @ + ANYA == PRATHAMA -Ae ANYA? 
and .'. s = q/ PRATHAMA F ANYA? Ẹ ANYA. ; 


But when A < a and the Sun isin the northern hemisphere, the equation 
¢1) will be c*—9 anya 2 = — PRATHAMA , 

and thon @ = anya + 4/anva!—tirst : 

i, c, the value of the hypothenuse of the shadow will be of two kinds here, 

Jenco the Rule, 

Braskanacnarya was the first Hindu who has given a general rule for 
finding the Sun’s shadow whaterer be the uzimuth; und he was the first who 
has shewn that in certain cases the solution gives two diilerent results,—-B. D.] 

* (On a levelled plane drow east and wert aud south and north, lines and on 
their intersecting point, place Gnomon of 12 digits: the distanco betweel. the 
end of the shadow of that Gnomon and the east and weet line is culled tho 
BUUJA. 

lt is to be knowa here that the valuo of the great nuvga (us stated in 4let 
yerse of the 7th Ch.) being reduced to the hypothenuse of the shadow becomes 
equal to the BHUsa (above found). 

Or as the Radius ° 

: the great BHUJA 
s: the fy pothenuse of tho shadow ‘ 
: the reduced BHUga or the distance of the end of the shadow from tho 
cast and weat line. 

This reduced nausa is called north or south according as tho end of tho 
shadow falls north or south of the east and weot line, ; 

It ia very clear from this that the reduced paca will be the cosine of the 
azimuth m a small circle described by the radius equal to the shadow. 

Or as the shadow 

: the reduced BHUJA ' 
«11 radius of a great circle 
: the cosine of the azimuth. 

This is tae method by which all Hindus roughly determine the azimuth of 

the Sun from the Bursa of his gnoreonic shadow.—B. D.): 
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jho hypothenuse equal to 15 digits, and the north suvsa equal 


» to 1 digit, to firl tho ranannd. Or, given ‘the declination 
c4ual to 816 and only one hypothenuse and its corresponding 
puua at the timo, to tind the ranaend.”] 

48. First of all multiply ono suusa of the shadow by tho 
* .  hypothenuse of the other, and tho re- 
g „cond Bivsa by the hypothenuse of tho 

first: then take the difference of these two suvsas thys multi- 

plied, if they aro both north or if both south, and their sum 
if of different denominations, and divide the difference or tho 
sum by the difference of the two hypothenuses ; it will be tho 
PALABITA.* 

9. How should he who, like a man just drawn up from tho 
bottom of n well, is utterly ignorant of 
the raLaBn, the place of the Sun, the 
points of the compass, the number of the years elapsed from 


RULE. 


“Question. 


R b 
* The rulo mentioned hero for finding the Pinapira’ when tho two shadows 
and their respective BRUJAS are given, 18 proved thus, 
Let 4, = tho first hypothenuee of the shadow, 
b, == its corresponding BHUJA, 
hy = the second hypothenuse, 
and b= ite corresponding BHUJA, 


Then 
12 R 
As ha: 12:: R: — = tho first ais SANAU 3 
j . A 
12 R 
and in the same manner —— == the second MANA S'ANKU | 
by R 
and also as A, : b: R: —— == the first great butsa, 
h 
b, R 
and .". Fa = the secoud great CHUJA , 
WBE A,R 
— F —- 
VA he 
Then the paranna’ = —— ——— (see Ch. XI. V. 32) 
2R 12K 
ho oy 


hy Ay + by Ay 


t x2 
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a 
e 
the commencement of the yeua, the month, tho Tirai or lunar, 


' day and.the day of week, being asked by others to tell quickly 


the points of the compass, the place of the Sun, &., give's 
correct answer? Ho, however, who can do so,, has my humblo 
reverenco, and what astronomers will not acknowledge him 
worthy of admiration ?* . 

50. He, who can know merely witb tho staff in his hand, 
the height and distance of a bamboo 


Question, of which he has observed the root and , 


‘top, knows tho use of that instrument of instraments—Genins 


(the pufyvantra): and tell mo what is there that he cannot 
find out ! 

51. There is a ligh famous bamboo, the lower part of 
which, boing concealed hy houses, &¢, 
was invisible: the ground, however, was 
perfectly level. If you, my friend, remaining on this same spot, 
by observing the top, will tell ma the distance and its height, 
l acknowledge you shall havo the title of being the most skil- 
ful of observers, and export in the use of the bost of instru- 
ments, DH{YANTRA. 

52. Having seen only the top of a bamboo reflected in 
water, whether tho bamboo be near or 
at a distance, visible or invisible, if 
you, remaining on this samo spot, will tell me the distance and 
height of the bamboo, I will hold you, though appearing on the 
Earth as a plain mortal, to have attributes of superhuman 


Question. 


Question. 


. knowledge.t ° 


53. Given the placos of the Sun and tho Moon increased 
by the amount of the precession of the equinox, i. e. thoir 
longitudes, equal to four and two signs (respectively) and tho 
place of the Moon decreased by the place of the ascending 
node equal to 8 signs, tell me whether the Sun and the Moon 
have the same declination (either both south or one. north 


* This refers to the 84th verse of the Ch. XT.—. W 
+ [Answers to these questions will be fourd in the lith Ch. —D. D.) 
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0 
„and one south), it you have a perfect acquaintance with the 
‘ Dufvarppiipa TANTRA. 

°” 54. Ifthe place of the Moon with the amount of tho pre- 
cession of the equinox bo equal to 100 degrees, and the place 
of the’ Sun increased by tho same amount td 80 degrees, and 
the place of the’ Moon diminished by that of the ascending 
node equal to 200 degrees, tell me whether the Sun and the 
Moon havo the same declination, if you have a perfect acquain- 
tance with the Dafveipnipa TANTRA. 

55. If you understand tho subject of the rára i c. tho 
equality of the declinations (of the Sun and the Moon), tell 
me the reason why there is in reality an impossibility of the 
rára when there is its possibility (in the opinion of Lanta), and 
why thoro is a possibility when there is an impossibility of it 
(according to tho same author), 

56. If tho placos of the Sun and the Mooh with tho amount 
of the precession of the equinox bo equal to 3 signs plus and 
minus 1 degreo (i. o. 28. 29° and 3x, 1° rospectively) and 
the place of the Moon decronsed by that of the ascending 
node equal to 11s, 28°, tell me whether the Sun and tho Moon 
have the same declination, if you perfectly know the subject. 

57. (In the Dnfvemompa Tawra), it is stated that the PATA 
is to come in somo places when it has already taken place (in 
reality), and also it has happened whoro it ts to come. It is 
a strange thing in this work when the possibility and impos- 
ibility of the rára are also revorscly mentioned. Tell mo, 
O you best of astronomers, all this after considering it well.* , 

58. I (Budsxana), born in the ycar of 1036 of the íu- 

Dato of the Author's birth VAHANA era, have composed this Sı- 
and his work. DHÁNTA-S'IROMANI, when I was 36 
years old. 

59, He who has a penetrating gonius like the sharp point 

i of a largo pansna straw, is qualifiod 
AEDE AROR: to compose a good work in mathe- 


# [Answers to these questions will be found in the last Chapter of Cho Ganrta- | 
DAYAYA. ai D.] 
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matics: oxcuse, therefore, my impudence, Ô leaned astrono- , 


` mors, (in-composing this work for which I ant not qualified). 


60. I, haying lifted my folded hands to my forchead, beg 
the, old and young astronomers (who live -at, this time) to 
excuse mo for hating rofuted the (erroncoxs) rules preferibed 
by my predecessors; because, thoso who fix their belief in tho 
rules of the predecessors will not knqw what is tho truth,, 
unless I refute the rules when I am going to state astronomical 
truths. 

61, Tho lcarncd Maues'’wana, the hoad of all astronomers, ` 
the most good humoured man, the 
store of all sciences, skilful in tho 
discussion of acts connected with law and religion, and a BRAI- 
MANA descended from S/Anpitya (a MuNt), flourished in a city, 
thickly inhabited by learned and dull persons, virtuous men 
of all sorts, and mfn competent in the three Venas, and situated 
near tho mountain SAHYA, 

62. His son, the poet and intelligent Bifsxara, mado this 
clear composition of the BIDDHÁNTA by the favour of tho lotus- 
liko feet of his father; this SippiráNra is the guidance for 
ignorant persons, propagator of delight to tho learned astro- 
nomers, full of casy and elogant style and good proofs, casily 
comprehensible by the learned, and remover of mistaken ideas. 

68. I have repeated here some questions, which I have 
stated before, for porsons who wish to study only this Pras‘nd- 
PHYAYA. 

6t. The genius of tho person who studies these questions 
becomes uncntangled, aud flonrishes like a creeping plant 
watered at its root by the consideration of the questions and 
answors, by getting hundreds of leaves of clear proofs, shoot- 
ing from the Spheric as from a bulbous root. 

7 eet 

End of tho 13th and last Chapter of the Gox{ony{ya of the 

SIDDHÁNTA-S'IROMAŅNI, ; 


Author's birth-place, ke, 


.APPENDIX. 


ON THE CONSTRUCTION OF THE CANON OF 
SINES. 


~ 1. As tho Astronomer can acquire the rank of an Kemarya 
in the science only by a thorough knowledge of tho modo of 
constructing the'canon of sines, Bifsxara therefore now pro- 
ceeds to treat upon this (iħtorosting and manifold) subject in 
the hope of giving pleasure to accomplished astronomers. > 

2 and 3. Draw aeirele with a radius equal to any unmber 
of digits: mark on it the four points of tho compass and 360°. 
Now by dividing 90° by the number of sines (you wish to draw 
in a quadrant), you will get tho arc of the first sine. / This 
arc, when fnultiplied by 2, 3 &c., will successively bo tho ares 
of other sines. Now sct off the first are on tho cireumferenco 
on both sides of ono of the points of the compass and join the 
extremities of these arcs by a transverso straight lino, the half 
of‘ which should be known the sine of the first arc: All tho’ 
other sines are thus to be known. 

4. Or, now, I proceed to state those very sines by mathe- 
matical precision with exactness. The square-root of the dif- 
ference between the squares of the radius and the sino is cosine. 

5. Deduct the sine of an arc from tho radius the remainder 
will bb the versed sino of the complement of that arc, and the 
cosine of un are deducted from the radius will give the versed 
sino of that arc. The versed sinc has been compared to tho ' 


received tho namo of versed-sinc. 
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a 
arrow between the bow and tho bow-string : but here it has , 

6. Tho half of the radius is the sinc of 30°: the cosino of 
80° will then be the sine of 60°. Tho square-root a half 
aqnare of radius Will be the sine of 45o; « 

7. Deduct tho square-root of five timos tho fourth power 
of radius, from five times the square, of radius and divido, 
the remainder by 8: the square-root of the quotient will bo 
tho sine of 36,. 


sa aa rm ad 4 14% 5 5 sine 360,* 


8. Or tho radius multiplicd by 5878 and divided by 10000 
will givo the sino of 386°, (whero the radius = 138.) ‘The 
cosine of this is tho sino of 5 P.t 

9. Deduct the radius from the squart-root of the product of 


® [This is proved thus. ; 
Let a == sine 18°; and à. R — a = covers 18° or vers 72°, 


Then / se = sine 4°: (see tho 10th verse.) 
or r/R (R — 2) R= =) == sine 36°; 


JEZ 


but a = Sr Su (sco tho 9th vorse) 
»*. sino 36° = J w {R —? Sl — 3) } = / oe LL D.) 
° 
R x 6878 


+t The Rulo in Sth verse viz, =———-——- scems to be tho same as above and 
10000 i 


to be deduced from its 
3 RY — PI Ke 5— V5 


ZR EAE 


' for 


Ve =? enya ke, 


and, 5 — /5 = 2.762689 which divided by 8 = 316328 . 
i ~ By 5878 a 
. sine 6° = R dlg 323 == -m R X .0978 = eg Sn on ee gn ade e 
vaa 10000 
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tho square of radfus and five and divide tho remainder by 4: 
_ the quotient thus. found will give the exact sine of 18°. 

¢ 10. Half tho root of the sum of the squareg of tho sino 

and versed sine of any arc, is the sine of half that are. Or, 

the sine of half that are Ís the square-root off half the product 

of the radius and iho versed sine. 

11.. From tho sine of ‘any arc thus found, tho sino of half 
‘tho arc may bo found (and so on with tho half of this last). 
In like manner from tho complement of any arc may be ascer- 

* tained the sine of half tho complement (and from that again 
. tho sino of half of the last arc). 

Thus the former Astronomers prescribed a mode for deter- 
mining the other sines (from a given one), but I proceed now 
to give a mode different from that stated by them. 

°12, Deduct and add the product of radius and sine of 
puusa from and to the square of radius and oxtracl the square- 
roots of the halves of the results (thus found), theso roots will 
respectively give tho sines of the half of 90° decreased and 
increased by the suusa. a 

In like manner, tlic sines of half of 90° decreased and in- 
creased by the kopi can be found from assuming the coxino 


fur the sino of BHUJA. 
13. Take the sines of nitvsas of two arcs and find their 


différence, then find also the difference of their cosines, square 


* [This ia proved thus. 

Let O be centro of the circle ABE 
and <- O= 36% then AB= 2 sin 
18°, and ~ s (CAB, CBA) each of 
them = 2 0. 

Draw AD bisecting the < CAR, 
then AB, AD, CD will be equal to 

h other. 

“Now let x = sin 18°, then by simi- 
lar triangles OB: AB = AB: BD or 
R:Bemar: R—32; 

s 4a? = B — 2 Be which gives 


g 
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these differences, add these squares, extract thoir square-root. 
and halve it. This half will be the sine of Lalf the diferenco" : 
of the sines.* Thus sines can bo determined by several ways? 
- 14, The square-root of half tho square of: tho difference of 
the sino and tho cosine of the sauza of an, arc is equal*to tho 
sine of half tho difference of the BHUJA and its complement. t 

I will now give somo rules for constructing sines without, 
having recourso to tho oxtraction of roots. 

15. Divide tho square of tho sine of the suusa by the half 
radius. Tho differenco botween the quotient thus found and ° 
tho radius is equal to the sine of the difference between tho . 


# This rule is obvious, 
for ae = diftce, of ainos bd & af 
and cb = diffve, of cosines bg &ah , 


and ao )" + be )* = ab Y 

ab = chord of difference of arcs 

x ; 
— = bino of half that difference. 
2 


L. W. 


t Let bo = sine of any aro and bg = its h 

ar th d bg, tl 
raw tho sine ad = co , t 
sine af be = to be pari = fb: oe 
-a v+ ge a mi as af f = fit 
^ ofts = = di _ AE — 
2 2 
afi a 
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] 
, degrees of BRUJA and its complement.* In Mis way several 
sines may be fouħd hero. l 
[As thoso several rules suffice for finding only tho sines 
of arcs differing: by 3 dogr ecs from each other and not the 
sines of tho intermacdiate ares, tho author tàcreforo now pro- 
ceeds to detail ‘the mode of finding tho intermodiate sines, 
-that ts the sine of evgry degree of the quadrant. This mode, 
therefore, is called PRATIBHAGAJYAKX-VIDNI.]) i 
16. Deduct from the sino of BHUJA its gry part and divido 
Bules for finding the sine the ten-fold sine of kopt by 57 
‘ of every degree from 1° to 17. Tho sum of theso two results 
" will give tho following sino (i. e., the 
sine of BHUJA one degree more than original snusa and tho 
difference botween tho samo results will givo tho preceding 
sine, i. c., tho sine of BHUJA ono degroo less than original 
puusa). Hero the first sinc, i. c., the sine of 1°, will be 60 and 
the sines of the remaining arcs may bo successively found. 
18. The rule, however, supposes that tho radins == 3438. 
Thus the sines of 90° of tho quadrant may bo found. j 
Multiply the cosine by 100 and divide tho product by 1529. 
Rules for finding the 24 19. And subtract tho 74, part of 
sines viz. of 8°3, 7°}, 11°}, the sinc from it. Tho sum of these will 
hoe ; bo the following sino (i, e., tho sino 
of re of 3°} degrcos more than original arc): and tho difor- 


* Let ab bo any arc, and ec = ah, 
theu ad = its complement, 
ed = their difference, 
and be = 2 ab. i 
Now / &X erste — sin — or sin ab, 
2 2 
R y vers be 


OF mama m = sin’ ab, 


2 sin? ab 


or vers, be == 


sin? ab 
ee Rit ee ee ee ee We 0 
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€ 
enco of them will be preceding sine (i. e., the sine of arc 3°2 , 
degrecs less than original arc). 

20. But the first sine (or the sine of 3,}) is hore equal to 
2246 (ond not to, 225 as itis usually stated to.be). By this 
rule 24 sines mayʻbo successivoly found.* ¢ 

21 and 22. If tho sincs of any two arcs of a qnadrant bo 

Rules for finding tho sines multiplied by their cosines recipròôcally e 
of sum and differenve of any (that is the sine of tho first are by 
EAEE the cosine of the 2d and the sine of , 
the 2d by tho cosino of the first arc) and the two products 
divided by radius, then the quotients will, when added to- 
gethor, be tho sino of tho sum of tho two arcs, and the differ- 
enco of these quotients will bo the sine of their difference.t 
This excellent rulo called sya-puSvan has been prescribed fox, 
ascertaining tho other sinos. 

23, This rulo ‘is of two sorts, the first of which is called 
samdsa-nidvand (i. e. the rule for finding tho sine of sum 
of two arcs) and tho second antara-prtivans (i. c., the rulo 
to find tho sino of difference of arcs). 

[If it be desired to reduco tho sincs to the value of any 
other radius than that above given of 3138.] Find the first 
sine by the aid of the above-mentioned rule PRATIBHÁGAJYAKÁ- 
VIDNI. ' 

24 and 25. And then reduce it to the value of any new 
radius by applying the proportion. After that apply the syd- 
BHÁVANÁ rulo through the aid of the first sine and tho cosine 
thus found, for as many sines as are required. The sines wil 
thus be successively climinated to the value of any new radius. 

The rulo given in my Parf or Lfidvarf is not sufficiently 
accurate (for nice calculations) I have not therefore repeated 
hero that rough rule. 


Ld 
* [These rules given in the verses from 16 to 20 aro easily deduced from the 
rules given in the vorses 21 and 22.—B, D, 
+ AudskandouArra has giren ae rules i in his work without any demon- 
stration. =A D.) 
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Armillary Sphere 151, 210. 
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Chakra, 212. 

Canon of Sines, 263. 


Day of Brahma, 163. 

Day of the Pitris, 163. ; 
Days and nights, 161. 

Delugos, 125. ` 

Drikkarmąa, 110. 

Driyantra, or genius instrument, 221. 


Earth, 112, 

Earth’s diameter, 122. , 
Eclipses, 176. 

Epicycles, 144. 

Equation of the centro, 141, 144. 
Errors of Lalla, &c. 169, 165, 205, 


Gnomon, 212. 
Ioroseopo, 166, 211. 


Kalpa, 108. 
Kendra, 109. 


Lagna, 166, 211. 
Lodagitudes, 212. 


Mandaphala, 109. 
Mandochcha, 109. 
Month, 129. ° 
Moon, Eclipses of, 176. 


Phalaka-Yantra, 213. 
Phases of the Moon, 206, 
Planets, 128, 135. 


Questions, 231. 


Rising and setting of tho heavonly bo- 
dies, 196. 
man e signs, 164. 


Seasons, 228, , 

Soven Winds, 127. ~ 

Bighrochcha,109, 

Sigvs, rising of the, 164. 

Sphere, 107. 

Sun, Eclipses of, 176. , 

Swayauvaha Yantra, or self-revolving 
instrument, 227. 

Syphon, 227. 


Time, 160. 
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Compass, the points of, 
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kás, eee toe 


—— Terrestrial, see ats see vee (2)6, 
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~'The night of the, ses tee 
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mee Of the sun, as aaa isi 48,11], 176 
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-——= the science of, very secret, ... one we oe 56° 
To find the magnitude of an, te one ww A 


———— To ascertain the occurrence of a total, partial or no, ... id. 
—— To find the half duration of the, and that of the total 


darkness, 53 asi . , 43 

w=—— To find the time of the nka a AN, se oe ae |) 
> To find the quantity of the eclipsed part at a given time 

; during the first half of an, ,. a és "4 


= To find the quantity of the eclipsed sat at a given tine 
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= ——-—— explanation of the reason of omission of, in the 
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Kalpa, The length of, ... an ies - t.. 
Krita yuga, solar years elapsed from the time s when the planeta- 


ry motions commenced to the end of the last, s y 
Lagna, ctymology of the word, ... ssi soe ies 
Lalla, the error of, ei nee iie one 
——- The wrongness of the Rule een by, ae sae 
=- an error of, exposed, e. one see ten ase 
==- another gross error of, se see ave i 
——- cause of error in, and others stated, sos i aie 
Latitudo of a place, to tind from tho gnomon’s shadow, 
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om Celestial, vao wae ek 201, 
Latitudes, determihation of, in which differant signs aro always 

above and below the horizon, _.,. a aves ees 
Lokas, arrangement of the seven, A ia asi 
Longitude of the sun, how to find, ... vie aan one 

- of a place, how to, find, T ves abe 
Lunar Mána, the, séi sie sds see 
== Mana, use of the, ose one 
Mathematics, in praise of, ... see eas ssi oe 
Mathematical calculations, two kinds of, ... ae 
Matters, Cosmographical, .., cae an w os 
Mars, 2nd equation of,... a cea ens 
‘=. vpicycles of, ns te 
‘ ==. nodes of, tes tee ee ee 
=- revulution of, tai dai ‘ei soe tes 
Mars’ apogee, be sai on ts i 
Manu, the length of, a sy ves re 
Mercury, node of, „e sae ose one ae 
omen rovolution of, ‘i sae sae teas a 
Mercury's apogee, e nee vee ia ave 
Meéridian, The, how to determino, ..., asi sos ses 
line, bsi si se bes tos 
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"Meru, place of, + ua aay a 79, 
&—- in Ilavrita, position of tho aana mac yas 
Minute, measare of, .., j i: se oe 
Month, S4vana, `... Sis jas oe ae 
— solar, * , on T die ses aes 
—— lunar, a ace ea vi 2,0, 
=——— period of, ` se” ss ‘ii we. oa 
intercalary, ah 
«e to find the ruler of the atit tiniti, ss vee 
———— length of lunar or lunation, ... vee 
© wae the reason of additive called Adhimésas, sé sii 
Months, seasons and year, ... see = wee 
Moon, node of the, ... one see ies os 
So eclipse of the, ae bin wi saat. kan 
——— on the phases of tho, and the position of the moon’s cuspr, 
diameter of the, . se i a dan kii 
=- the,colour of the eclipsed port tion of the, oes 
—- rules for finding the time at Which the declination of the 
sun become equal to that of the... woe 
s= to find tho true places of the, , ... 
——- to find tho time of daily setting of the, se oss 
s—- to find the time of daily rising of the, w s 
——-— to find the phases of the, tan vee e ane 
——; cause bf the phases of the,.., iil, 
———— to find the truo diurnal motions of the, ... sen se 
~- revolution of the, das es ove oes 
——-—epicycles of the, ... vai aii ws oes 
Moon’s parallax, to aoe ove w s 
Moon’s apogee, ... oe ese ve e one 
Motion of planets, see vee eee oes ave 
heliocentric, ei a sade PUG 
—-—— different kinds of, ‘ie sss ii dis 
== decreasing retrograde, ee se coe eee 
m increasing retrograde, ... ase ove ae 
direct, ... te. gabe nig. She 
——— mean, s see vee os a. 
, —— stationary, aes yi oon tes 
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` Night, determination of the place where the, becomes of 60 
Ghatikds, see es wa see is 
Node, ... ras ss sis P eee 
Nonagesimal, to ‘ind the sine ace cosine of the zenith dig- 
tance of the, ... ae i säs sa aat 
Ocean, situation of the great, ... eo T eee 
Orbits of ‘Planets,. sab iš at aa ai 
Parallax in longitude and that i in latitude, eee 48, 
-- not being necessary in lunar eclipses, T 
=. what is the causo of, and why it is calculated from the 
radius of the earth, ... vad sae beat oia 
Parallel sphere, as eee see vee ai 
=e and Right spheres,... ses ae ss one 
Paravaha,... = ae ‘ee wen sae 
Parivaha, ses es ies iss TTE 
Persons, praise of, ingenious, ... ai en eve 
Pitris, day and night of, ... ene eee ser’ eee 
Planet, to find the conjunction of a, with a star, ... ise 
S rectified mean place of a, seo wee w tes 
to find the motion of a minor, _... eee ose 
e Ist equation of, ... ae ase sse tee 
=. and star, to know whether the time of conjunction is 
past or future, ... ves sas s. 


——— to find the mean placo of a, at a a time, as ss 


epicycles, one ees aes sd 
== to find the time at which a, rises or sets heliacally, ss 
e Reason of correction which is required to find the true, 


from the mean place ofa, ... vee wae eve 
Planets, to find the mean places of, ... di « 10, 
= to find apogees and nodes of, aad . ens 


mom an easy method for finding the mean places of wha cabs 
= determination of the dimensichs of the orbits of the, 


and their daily motion in Yojanas, ... wee es 
== of their daily motions in minutes or angular motions, 
== b find the radius of the diurnal circle of, ... ove 


ae to find the ascensional difference of, ... es 


t e 
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——— obseryation of, .. Ja Jis w? 
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——— which ig conquered in the fight, ee 
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w——— rules for finding the true places of, ary 

—— deflection of, aie ini a emits 

—— attraction of, ... aaa a m 


~" on the conjunction of the, with the ai S, 


order of the orbits of the stars and, 
=a and stars, on the heliacal rising and setting of the, ... 


————- to find the length of a day of tho, m on 
number of risings of, T ah as 
sateen Fles for finding the mean places of, oT 
motion eastward of, : w. a as 
—— to find the'longitude of,... on asi 
——— ari illustration of the motions of, iis tee whee 
~———- the minor 5, Why they require both the Ist and 2nd 
equations to their true places, °  ... se 


= how the lat and 2nd equations are to be alia 
xmm fio find the truc place of, 
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heliacally in the eastern horizon, ar san oes 
= why their mean and true motions coincide, e ae 
= manner of observing the retrogression, &c. of, vee 
= on the principles of the Rules for finding the mean 

Poses of, see 

on the principles on which the Rules for finding the 

true places of the, are grounded, .. wai see 
= the cause of variation of scpaseat size of, the discs of,... 
—— their conjunction with the sun, wai sbi. ee 
== on the conjunction of, .., ees eee 
——— kinds of conjunction of, re ee bide ches 


——-—-» to find whether the time of conjunction is past or future, 
ewtme tO find the time of conjunction from a given time, ... 
= conjunction the correction called the aksha-drik-karma, 
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Points of the compass, .., ae a ts ae 
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Projection ‘of Eclipses, oes a es ai 
Quadrant, see « ` 209, 
Questions, Pras'nádhyáya duanik useful, er or 
— Miscellancous, .., ie ea è tae 


Radius of the diurnal circle, 
Rainy season, .. 


Retrogression of planets, a oes 
Samvéha, ae wa “a oui 
Sandhi, height of, wes tee wa a es 
Saturn, revolutions of, wa Gas US. ed we 5, 
Saturn’s apogee, .., oo ae TRENT 
node, se ssi isi aa isi ie 
Seas and Dvipas, positions of tha, ii wos ces oo 
Seasons, months and year, i ves . 
e description of the, ... “ie eee - 
Seconds, measure of, e. aes as ae : 
Semi-circles, ... ies ee .. 209, 
Shadow, dotermination at noon, of the direction of the gnomonie, 
Sphero, oblique, ... s iss ET 
Sidereal month, sri i ri ii a 
-———— Jay and night, ... tee oe toe one 
== revolution, ... sai sis iis 
Mána, the, aay ae are 
Signs, positions where same are always invisible, ses aes 
Sine of amplitude, tee 
Rules for finding the, of every EA from 1° to 90°, 15, 
way of refutation, of using the ¢ersed, we 190, 
Sines, versed, sse sis sek ane 


=~, Rules for finding the 24, viz. 3° $, 7°}, iie 3, 15°, &c.. 7 
_ won Rules for finding the, of sum and difference of any two arcs, 
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—— parallel,... 

Spherk, in praiso P the niga of, 
Spring, ° . se * 
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Agni and Brahmahriday a, ase a 
Stars, theposition of tho polar, i ve 
+ —— to find longitudes of the principal of the eer OF, sas 
Summer season, the Grishma or, s. sae as 
~ Sun, revolutions of the, ... aes 


—— rules for finding the time at which tho dedination of the 
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—— to find the true places of the, T 
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——cpicycles of the, ° se see 
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— Eclipse of, vide Eclipse. i 

—- Rules for finding the time at which the declination of the 
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— ~ Revolutions of the—in a ycar are less than the revolu- 
tions of stars by one, ... . va vas i 
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——, measurable (Murta), ... tb 
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Yugas, length of the four small, _... 
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Agridi-Khands, l 74, 175 
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Aindra, 120 
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Akshaja, igs .. 196 
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254, 265, 256, 243, 244, 
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173, due 170 
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116, 81, 95, 80, 83, ... 
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Ailsa, oes sae 
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208, 
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219, 
Bhuje-phala, 148; 146, 19 
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Bhujantara, a 150, 20, 
Bhukta, cee 89, 40, 
Bhumi, ‘... 129, 
Bhur, sai sen 
Bhurloka, ... er 
Bhuvaloka, ... see 
Bhuvanakos’a, si 
Bhuvar, sey PA 


Bowris, ope con 
Brahmi, 4, 79, 78, 112, 127, 
139, 117, 96, "195, 118, 


91, 110, 116, 88, 178, 

164, oe 
Bréhmana, ... ia 
Brahma-Ména, wae 
Brahmfanda,... 112, 126, 
. Branmandee, 


Brahmagupta, 208, 201, 
148, 122, 202, 209, see 

Brahma-hridaya, 69, 68, 
65, 


Brahma-siddhénta, 235, 
Brahma-siddhdénta-vit, ... 
Brischika,_... aes 
Buddhitattwa, 


Chaitra, 131, 129, 228, 8, 
232, 94, eee 


Chaitraratha, isi 
Chakra, “ee ee 
Chakshu, 

Chápa, 

Chara, 109, 215, 134, 133, 
Charajyá, 256, 161, 


Chara-kélas, ... 
Chara-khanda, 169, 16), 


264, 165, 160, 1, 
Chatashpéda, ski 
7 orang bis 

atu i cee 
Chheda 7 T 87, 49, 
Chhedaka, ... 176, 
Chitra, 94, 68, 
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"Darbha, 261, 
Dinavas, ean g se 
Danuj 


Destteara,11-1 134, 309, 133, 
Dhanishfhé, âi, 68, 65, 69, 
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94, 63 
 Dhanu, id 129, 8 
Dhéré, i 245, 246 
Dhivriddäida, 236 
a Dhivriddhida, tantra, 123, 

287, 205, 236, oo. 261 
Dhriti, a w. 118 
Dhiyantra, ... 221, 260, 224 
Dhruvas, u . 202 
Dhruva-yashti, 151 
Digvalanaja, ... .. 202 
Digvalanaja, tryasra, .. 202 
Diks, «> 118 
Diyya, ‘as 1, 95 
Dreshénas, ... ` wee 210 
Dridha,' soe cow * 238 
Driggati, ww «49 
Driggola, ... 153, 160 
Drigjy4, 35, 17], 37, 36 
Drigyá, 219 
Drikkarma, 68, . 58, 196, 

110, 204, 205, 203, 197, 

200, via 208 
Drikkaranja-vasana, 196, 206 
Dgikshepa, 50, 49, 183, 181 
Drikshepa-vritta, 163, 181 
Driksutra, 181 
Drifimandala, we 171 
Dwipéra, ... 110, 108 
Dwipas, .. 116,80, 117 
Dyujya, 110, 159, 189, 197, 

200, 251, 201, 24, .„ 196 
Dynjy á, sits 194, 128, 195 
Gabhastimat, 120 
Gamya,__... 25, 17 
Gandánta, ... oo 76 
Gandhamádana, we 117 
Gandharva, ... ew 120 
Ganes’ ji 105 
anitédhyéys, 208, 258, ° 

257, 144, 261, 247, 145, 

125, 148, 158, 126, 156, 108 


Garaja, ro 
Garuda, 
Gata, 
Gatiphala, 
Gatis, 


25, 


Ghati, 211, bis 164, 167, 


21l, 256, 216, 214, 130, 
169, 168, 218, 168, 184, 
256, 

Ghatika, 2, 128, 254, 25, 
11, 134, 24, 49, 93, 250, 
254, 210, 48, 57, 43, 49, 
68, 76, 25, 218, 130, 128, 
88, 1, 40, 129, 44, 12, 45, 
49, Th, ao ies 

Golabandh 18, .- 


Goladhydya, ‘106, 262, 87, 
Gomedaka, .. 
Grahana, „se sss 


Grahayuti, ... 


Grishma, 9... 229, 
Guhyakas, ... 7 
Hara, ‘aa 242, 
Harivarsha, ... wee 
, Hasta, 94, 65, 
Hemanta, ... 93, 
Hemakuta, ... ni 
Himálaya, 4. eee 
Hiranmaya, .. eee 
Hiranyagarbha, ves 
. Hriti, 251, 252, 
Ilávrita, ssi 
Tlévrita-varsha, a 
Indra, 80, 119, 
Tsé, e. TY) 
Ishta, ies TE 
Ishta-hyiti, ... 251, 
Ishtantya, 251, 
Jaina, 114, 
Jambu, vc is 
Jambúdwipa, 116 
Jambunadí, ... oe 
Janaloka, ... wot 
Jina-vritta, .. © ee” 
Jyé-bhavans, s. 
Jyautishopanishat, 08 
Jyeshthé, 241, 242, 129, 8, 
75, 68, 65, sas 


Kachnér, 
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“Kadamba, 229, 190, 118, 
Kadamba-bhrama-vritta, 
192, wa, i 
Kakshavritta, 137, 
Kála, 254, 252, >, 258, 251, 
133, E T 
Káláñsas, 66, 67, 
Kali, 110, 3, 


Kalpa, 235, 238, 242, 240, 
130, 233, 234, 238, 4, 
157, 29, 95, 7, 4, 86, 118, 
181, 132, 130, 127, 108, 


Kalpa-adhimaésas sai 
Kalpa-bhaganas, 239, 
Kalpa-saura, .. ‘i 213, 
Káma-deva, ... 2h 
Kanyá, wee 8, 
Kanishthd, ... 241, 
Képala-yantra, T 
Karma, i 132, 
Karana, sa. 93, 26, 
Karpa, is we 
Karaņí, sia 34, 
Karka, iii 8, 
Karkyédi, .- 142, 141, 
Kark yadi-kendra, 142, 
Kartika, 


9, 4, 129, 8, 
Kaseru, be ide 
Kațahas, ... 
Kaulava ... 
Kausa, 
Kendra, 21, 144, 159, 146, 
158, 18, 19, ‘160, 142, 
148, 16, 145, 14], 109, 
"140, 20, 109, 16, és 
Kendra-gati,... 146, 
Ketumala, ... 84, 
Ketumala-varsha, 80, 119, 
Khagola, 151, 152, 153, 160, 
Khakaksha, ... 
Khanda, sé 
Khandas, „a 
Khandakas, ... 
Khecharagolr,, vai 
hila, i; 240, 
Kinngravarsha, 
Kinstughaa, ... 
X okilas, see 


Kona-saiiku, ... 
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171, 84, 


Page 
191 


191 
139 


215 
68 
108 


Page 
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267, 208, 209, 144, 207, 

202, , 208, 18, 175; 174, 

44, 179, 473, 194, 224, 
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Koti-phala, . 19, 145, © 18 
Krama, ° 39° 
Kránti-páta, 187, 154, 153, 172 
Krantijyá, . 193 
Krauncha, ... oe LIB, 
Krishna, i oe 163 
Krishga-paksha, .. 163 
Krita, ove 108, 8, 110 
Krita-yuga, ... 4, 8, 1, 10, 7 
Krittiké, ... 65,68, 94 
Kshepa, ... 241,157, 242 
Keshepa-vyitta, 157, 155, 154 
Kshepa-patas, 157 
Kujyé, 110, 23, 174, 175, 

176, 160, 215, 255, 254, 

: 256, 252, 249, 251, 248, 257 
Kuláchalas, A we 120 
Kumáriká, „© ee 120 
Kumbha, . ... 8, 129 
Kuru, os 84,117, 119 
Kurukshetra, 134, 11 
Kuru-varsha, oe 80 
Kusakaga, e or 229 
Kuta, ii ~ oe 60 
Kuttaka, ... 242,286, 2il 
Lagna, 250, 167, 200, 210, 

89, 197, 166, 211, 201, 

167, nee . 198 
Lakshmf, jia 116 
Lalla, 108, 128, 149, 205, e 

188, 169 , 205, 236 
Lambana, ‘11, 183, 182, 
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Lambana-kalas, 184 
Lamba-rekhé, 217, 218, 214 
Lanká, 89, 109, 80, 115, 9, 

J34, 10, 133, 182, 82, 11, 
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Maháyugas, ... vee 
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Malayay vee 120, 
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Mandspashta, a 
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Mrigavyddha, 63, 68 
Mulé, “aa 94,65, 68 
Muni, sis .. 96 
Munjala, . 157 
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Pala, aa ei 2 
Palas, 129, 214, 215, 250, 2 


16 
2 
1 


6 INDEX OF SANSKRITA TERMS, 
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